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• Stocks of most Minneapolis - Honeywell controls 
are carried at our branch offices and distributors 
in order that we may quickly fill your needs. A tele- 
phone call will bring prompt delivery. Due to highly 



specialized requirements for some M-H and Brown 
Instruments, they cannot be carried in branch stocks. 
However, your orders, placed with these offices, will 
be promptly filled and shipped from the factory. 



nUARANTEE "^^^ Company warrAnts all •quipment manufactured by it 

I UU bearing lU name plate to be free from defects in work- 

manahip or material under normal use and service. If any part of the equipment 
herein described, and sold by the Company proves to be defective in workman- 
ship or material, and if such part is within twelve months from date of shipment 
from the Company's factory returned to such factory, transportation charges pre- 
paid, and if the same is found by the Company to be defecbve in workmanship 
or material. It wUl be replaced or repaired, free of charge, F.O.B. Factory. The 
Company assumes no Lability for consequential damages of any kind and the 
Purchaser by acceptance of this equipment will assume all liabUitv for the con- 
sequences of its use or misuse by the purchaser, his employees or otners. A defect 
in the meaning of this warranty in any part of said equipment shall not. when 
■uch part is capable of being renewed, repaired or replaced, operate to condemn 
such equipment. This warranty is expressly in beu of warranbes. obligabons or 
liabilities, expreeeed or implied by the Company or its representabves. All statu- 
tory or ifnpitofi warrantiM« other than title are hereby expressly nmqdtkyrmd Asd 
excluded. 



Orders submitted under this price schedule on cuitour^ ■ own purchase order 
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Seller herein contained and published In its current catalog are accepted by the 
fttller only upon con<lllloB e&d wtth the ezoreas uBdecst ending that notwithsiend- 
lag any such statements, clauses, or i.io« ditto Bl noalBliied Id any order forms ol 
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the Customer the habilibes of the Seller shall be determined solely by its own 
terms and eondibons of sale, and in accepbng and consummabng any such order 
the Seller shall be deemed not to have in any way changed, enlarged, or modified 
its bability or obligabons as bxed by such terms and eondibons of sale as stated 
by the Seller herein and as so published. 

TERMS S^^P»*i^^ b« made Sight Draft aHached to Bill of Lading, the 
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Company. If such terms are arranaed invoices are due net and payable thirty 
(30) days from the date thereof All bills are payable to the Company. Credit and 
deUvery of all equipment are subject to the approval of the Company which 
reserves the right of alterabon of termn of payment and of determmmg Pur- 
chaser's limit of credit. 

RETURNS materials will be accepted for ci. iil unless our authority 

has been brst obtained. Only instruments of current design in 
original ca^♦^^nt will be considered for credit, and when returned a handling 
rharge of lu , will be made to cover necessary insp^cbon, adjustment, repack- 
ing and clerical work. Materials special in any nature whAtaoever are' shippod 
without privilege of return 
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COMPLETE COORDINATION 



AIR-CONDITIONING systems consist of many indi- 
vidua! units of equipment, each designed to 
provide a specific function. The degree to which 
these functions are interlocked and coordinated 
determines the standards of operating economy and 
efficiency which will be maintained. 

As the tendency today is toward including equip- 
ment for the purpose of accomplishing functions 
which previously have been ignored or left entirely 
to chance, the need for more careful consideration 
of this all-important ''coordination" becomes increas- 
ingly imperative. 

The proper application of adequate control has 
proved the most satisfactory and in the long run least 
expensive means of accompUshing coordination. 

Minneapolis-Honeywell has recognized that no one 
type of control equipment may be considered uni- 
formly desirable for all types of heating, ventilating, 
and air-conditioning systems and has therefore 
enlarged its design and manufacturing facilities to 
provide for the air-conditioning industry the only 
complete line of such equipment available. 

Minneapolis-Honeywell offers electric, pneumatic, 
and self-contained type controlle s, as well as Brown 
Instrument recorders, controllers, indicating ther- 
mometers, flow meters, and other instruments de- 
signed to provide operating records and data. 

In addition to manufacturing equipment applicable 
to all types of installations, large or small, Minneapolis- 
Honeywell has also established a field installation 
and maintenance organization which is thoroughly 
quaUfied to render additional services to the entire 
industry. Branch offices in 38 cities are manned by 
factory-trained engineers who are in a position to 
undertake the supervision or installation of control 
systems on any one of the following bases: 

• PARTIAL SUPERVISION 

Where equipment has been purchased on a strictly 
delivered basis and only partial supervision is re- 
quired, MinneapoUs-Honeywell control experts are 
available on a flat daily rate to provide any or all 
of the following: 

1. Engineering Service and preparation of installation 
diagrama. 

2. Supervision of control installation. 

3. Adjustments and testing of controls. 

4. Final inspection and instruction for operators. 

5. Subsequent service if required. 



• CONTRACT INSTALLATION 

When desired, Minneapolis-Honeywell will accept 
entire control responsibility and provide a quotation 
covering complete installation, as follows: 

1. Provision of all necessary control units. 

2. Complete design service and preparation of all 
control installation diagrams. 

3. Installation of all controls, including wiring or pip- 
ing (setting of valves and dampers is usually han- 
dled by the respective contractors). 

4. Performance of all control tests, final inspection, 
and provision of operating instructions. 

5. Service for a period of one year from date of com- 
pletion of the installation unless otherwise con- 
tracted for. 

• CONTRACT SUPERVISION 

On those installations where it will prove advan- 
tageous for the purchaser to have the actual labor of 
installation, wiring or piping provided by others, a 
quotation covering equipment and supervision may 
be obtained. Under this type of contract Minneapolis- 
Honeywell assumes responsibihty for the instruction 
and direction of installers and for inspection of work 
in progress. 

The advantages to be gained in handling control 
jobs on either the Installation Contract basis or the 
Supervised Job Contract basis rather than on a 
straight purchase of material are as follows: 

1. Control responsibility is centralized. 

2. The contractor is relieved of all details attendant to 
the control problem. 

3. Complete control cost is definitely fixed. 

4. Assurance of proper operation of all controls. 

5. A definite service responsibility is established for 
the specified period after installation. 

• PERIODIC SERVICE 

MinneapoUs-Honeywell through its branch offices 
offers periodic service contracts for all jobs equipped 
with M-H controls. These contracts may be obtained 
to supplement installation or supervision contracts 
and are also available where equipment has been 
purchased on a deUvered basis. The services 
included in this type of contract are: 

Complete inspection of the control system at peri- 
odic intervals. 



1. 

2. 

3 
4. 



Adjustment, calibration, and cleaning of all M-H 
equipment. 

Replacement of parts at a nominal charge. 
Complete report to be rendered to contractor or 
user as directed. 



Through the use of Minneapolis-Honeywell peri- 
odic service contracts, it is possible to obtain con- 
tinued customer satisfaction, maximum efficiency of 
operation, and minimum mainte ance cost. 
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THE RIGHT CONTROL FOR EVERY APPLICATION 



FOR EVERY Air-Conditioning installation there is 
one combination of Automatic Control Units which 
will insure the desired program of operation at a 
minimum expense. 

Obviously, no single control system can be con- 
sidered as universally satisfactory because of the wide 
divergence between operating schedules which may 
be selected. 

In designing a control system it therefore becomes 
necessary to carefully analyze all types of controls 
available and select that particular combination of 
units the characteristics of which will insure the 
exact functions for which the controls are to be 
installed. 

PRINCIPLES OF CONTROL 

SYSTEMS 

Controls may be broadly classified by considering 
them in relation to the primary operating media which 
they employ. Such classification indicates that there 
are five major groups into which they may fall: 

1 EUctric Control Systems. 

2. Pneumatic Control Sy«tenr\«. 

3. Combination SystemB. 

4. Self-Contained Systems. 

3. Hydraulic Control Systems. 

A brief description of each of these systems is 
listed below. 

• ELECTRIC CONTROL SYSTEMS 

In such control systems the primary medium util- 
ized to provide operation is electricity. The basic 
function of these controls consists of switching 
or otherwise adjusting electric circuits to govern 
electric motors, relays or solenoids. The individual 
units of this type of system are inter-connected by 
voltage or low voltage wiring. 



• PNEUMATIC CONTROL SYSTEMS 

In the pneumatic control systems, compressed air 
iA uted as the primary source of operation. The air 
pressure is varied by the controlling devices. In 
these systems one or more centrally located air com- 
pressors furnish a supply of compressed air which is 
distributed in special piping to the various controlling 
and controlled devices. By means of leak ports or 
orifices, the pressure of the air is varied in the branch 
hnes and the changing pressures are utilized to pro- 
vide the movement necessary to the operation of 
valves and dampers. 



• COMBINED SYSTEMS 

Experience has indicated that both electric and 
pneumatic control systems have inherent advantages 
which indicate their respective use for specific types 
of applications. It is only natural, therefore, that the 
two media should be combined to provide a system 
of control sharing the advantages of each. Combined 
systems are usually best adapted to large Air-Con- 
ditioning and Public Building installations. 

• SELF-CONTAINED SYSTEMS 

Self-Contained control systems have, in general, 
been restricted to such operations as could be effect- 
ively handled by a power unit with integrally mounted 
or direct connected controller. Such applications 
consist of valves utilized to admit steam or other 
media into coils to regulate the temperature of tanks 
or to regulate the admission of steam into heating 
coils as determined by the controller element. Such 
systems do not ordinarily contemplate wide separa- 
tion of the controlling mechanism and the power unit. 

• HYDRAULIC SYSTEMS 

Liquid under pressure provides another easily con- 
trollable source of power and is occasionally used as 
a control medium. 

CONTROL OPERATION 

Control systems may be further classified into three 
general types as regards the characteristics of the 
motion imparted by the controls to the controlled 
equipment. These three classifications will be de- 
scribed in the following paragraphs. It must be 
remembered that very often heating, ventilating or 
air-conditioning systems under Automatic Control 
may make use of more than one and sometimes all of 
the three types of control in various phases or func- 
tions of the system. Following this broad discussion 
will be found pages outlining the actual basic cir- 
cuits used in obtaining these actions. 

• TWO-POSITION CONTROL 

Two-position control is also referred to as ''on and 
off" control or as * positive-acting" control. As an 
example, a simple thermostat which starts and stops 
an oil burner or a ventilating fan, or which opens and 
closes a solenoid valve, can merely select between 
starting and stopping of the fan or between opening 
and closing of the valve. There are no intermediate 
positions nor degrees of motion between the two 
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extremes of operation. Similarly, a two-position 
motorized damper would move between two fixed 
limits such as full closed and full open. 

Two-position control is, in general, the simplest 
method of providing regulation. However, it has 
definite shortcomings in certain circumstances. These 
Umitations will be discussed in detail under the 
chapters covering ''Central Fan Heating and Coohng 
Systems". 

Two-position systems are most generally used 
where the controlled device is one of the following: 

1. Relay. 

2. Solenoid Valve 

3. Exhaust Damper. 

4. Small Volume Damper. 

• FLOATING CONTROL 

Floating control is a designation appUed to a con- 
trol system in which a control valve or damper motor 
will operate when the controller makes contact at 
either extreme of its differential, coming to rest only 
when the controlled medium has stabilized between 
these limits. Floating Control may be used to advan- 
tage on applications where the movement of a motor 
valve or damper will produce a change in the con- 
trolled medium which will be reflected immedi- 
ately at the controller unit. 

AppUcations of this type are: 

1. Static Pressure Regulation. 

2. Tank Level Control. 



• MODULATING CONTROL 

The modulating control system is also designated 
as ''gradual or graduated acting control" or ''pro- 
portioning control". These names are synonymous 
as appUed to Automatic Control and are used to 
designate the type of system in which a control valve 
or damper motor modulates or proportions the flow 
of air, steam or water in response to a change of con- 
ditions at the controller. Modulating control causes 
motion in the controlled device in proportion to 
motion produced in the controller by fractional 
degree variations in the medium to which the con- 
troller is responsive. After such fractional change 
has been measured at the controller and translated 
to terms of a new position of the valve or damper, the 
modulating system stands by awaiting further change 
at the controller. The extent of the motion is limited 
only by the limits of the controller and by the intensity 
of the change of conditions as measured, hence the 
valve or damper is repositioned as frequently as 
changes at the controller occur, but always in direct 
proportion to the amount of change. 

Modulating control systems may be used on all 
applications where it is desirable to establish and 
maintain a large number of intermediate positions 
or stages between the two extremes of operation. 



IN order to simplify the selection of automatic con- 
trol equipment for air-conditioning appHcations as 
much as possible, the following list of controls and 
supplementary equipment has been selected to illus- 
trate and describe those units which are in most com- 
mon use. This group of control equipment includes 
less than one-fourth of the MinneapoUs-Honeywell 
line of automatic controls and it may be necessary, 
therefore, to refer to more complete catalogs des- 
cribing other control equipment manufactured by 
the Minneapolis-Honeywell Regulator Company when 
speciad equipment is necessary. 

The following are definitions of certain terms used 
in conjunction with the controls. 

• LOW VOLTAGE 

The term "low voltage" is used to indicate the use 
of 20 to 24-volt alternating current or of approximately 
6-volt direct current as the actuating power for the 
control circuit. Low voltage alternating current is 



provided by the use of a transformer which reduces 
the main power supply from 115 or 230 volts to 20 
to 24 volts. Low voltage direct current is seldom used, 
but when required is usually suppUed by dry cells. 

• LINE VOLTAGE 

The term "line voltage" is used to indicate the use 
of 115 or 230-volt alternating or direct current as the 
actuating power for the control circuit. If the voltage 
of the supply line is higher than this, it is usually 
necessary to use two transformers, using one to 
reduce the voltage to 115 and the second to reduce 
to 20 to 24 volts. 

• CONTROLLER DIFFERENTIAL 

The operating differential of a controller is the 
change in a factor such as temperature or pressure 
which will produce a change in a controller contact 
from one position to another which will in turn 
operate a relay, motor, or motor valve from one 
extreme to another. The differential of a modulating 
controller, is frequently called throttling range. 
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ELECTRIC CONTROLS 



THERMOSTATS 



For Heating or 

Most Minneapolis-Honeywell Thermostats are avail- 
able for cooling control as well as heating control. 
Series 10 thermostats for cooling service must be 
specially manufactured with reverse acting temperature 
sensitive elements and cannot be used for both heating 
and cooling control unless used in conjunction with a 
special relay. Scries 20, 60 and 90 thermostats are built 
-id color coded as heating controls but can be used as 



Cooling Control 

cooling thermostats by merely interchanging the blu^* 
and white wires attached to the terminals. These grou:»^ 
of thermostats can be used for both heating and cooimg 
by installing a manual double pole double throw switch 
which when changed from one position to the other will 
reverse the wiring. This change-over may also be made 
automatically by use of suitable relays and controllers. 
Series 40 thermostats for cooling must be ordered 
reverse acting. 




THE ACRATHERM* 



A bimetal actuated low voltage open contact thermostat for controlling relays. 
I'rotectorelays, gas valves, motors, etc. (Series 10 or Series 20) for heating applica- 
tion. Temperature setting by external dial at top. Silver finish. 



Type 



TllA 



T7I ^ 



j ^ Action 




Differential 


Series 10, Heat A< rated A< )i r. 


66-86° F. 


Ad joa table 


Sprieii 20. S.P.D.T switching action, 

heat l< ng action 



Electric Ratlna 



Low voltage A.C. only 
Not applicable to D.C 



DIMI NSIONS Height 4 V, width. 1 *4'. depth, I V- 

SPECIAL FEATURES AVAILABLE: 
Cover Locking Screw, at no extra cost. 
Positive Night Shut-ofT, at no extra cost. 
Wall Plate (#23591A) for adapting to a wall switch box, 
at extra cost. 

Blank Cover (less thermometer) at no extra cost. 
"Positive On'* at high end of scale at extra cost. 



WHEN ORDERING SPECIFY: 

1. Type Number. 

2. Type Number, volUge and frequency of device Acra- 
therm is to control. 

3. Special features required. 

* Trade Mark 




THE DA-NITE ACRATHERM* 



A bimetal actuated low voltage open contact thermostat affording lowered night 
temperatures and automatic morning pick up (Series 10 or Series 20) for heating 
application. Temperature settings by external dial at top. Has knob for night shut- 
down. Silver finish. 



Type 


Action ' 




Differencial 


1 F.lecrric Ratlna 


I lOVA 


SariM 10, beat accelerated type 


Day 6S-«6' F 
Night 45-76'' F. 


Adjustable 


Low voltage A.C. only 
Not applirahle to D.C. 


T2WA 


Seriee 20. S.P.D.T. twitching action. 
h<»at l#v(»linff typ^ 


I>l MK NSIONS— H«lfht. S\\ width, 2^*, d«pth. 2 



SPECIAL FEATURES AVAILABLE: 

Locking Device for day and night cycles tft extra coit 

C er Locking Screw at no extra cost. 



WHEN ORDERING SPECIFY: 

1. Type number. . 

2. Type number, voltage and frequency of device 
Da-Nite Acratherm is to control. 

3. Special feature* required. ^ . 

♦ Trade Mark 



MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 



Sec. 1 
6 



ELECTRIC CONTROLS 

THERMOSTATS 






THE CHRONOTHERM* 

An electric clock thermostat providing automatic switching to lower night 
temperature and automatic return to day setting in the morning. Clock is operated 
by a self -starting Telechron motor; thermostat is bimetal actuated. Morning and 
night time settings and temperature adjustments are concealed by cover. External 
temperature indicator can be used to set temperature up manually after night shut- 
down. Finished in silver. 



Type 


Action 


Range 


Differential 


Elec. Rating 


Voltage of Clock 
Transformer (Separate ) 


Week-end & Holiday 
Shu toff 


Till A 


Series 10, heat accelerated type 


66-84* F. 


Ad juB table 


(Therm osUt) 
Low voltage 
A.C. only 


116 volta, 60 cycle 
116 volts, 25-50 cycles or 
230 volts, 50-60 cycles at 
extra cost 


Not available 


T211A 


Series 20, S.P.D.T. switching 
action, heat leveling type 


(only) 



DIMENSIONS— Height. 3^', width, 6^*: depth. Zh^\ 

SPECIAL FEATURES AVAILABLE: 

Positive Night Shut-oflf at no extra cost. 
Locking Cover at no extra cost. 

* Trade Mark 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Voltage, frequency and type number of device Chrono 
therm is to control. 

3. Voltage and frequency for Chronotherm. 

4. Special features required. 




HEAVY DUTY SNAP ACTING THERMOSTATS 

These thermostats are available for heating and/or cooling applications. 
Designed for use where accurate and dependable control of line voltage, heavy duty 
devices are involved, they are capable of handling directly large motor driven units, 
coal blowers, cooling equipment, industrial and commercial stoker fired heating 
plants, etc. On larger or polyphase motors, they can be used with magnetic starters. 
Applicable to low voltage circuits if desired. 

Horizontal design provides maximum air circulation. Models TA42A and 
TA42B are equipped with a non-magnetic Con-Tac-Tor Snap Switch, self-en- 
closed to protect it from dirt, dust, moisture or grime. Has temperature setting 
knob which can be removed to lock the thermostat to discourage tampering and 
unauthorized adjusting. 

Models TA42C and TA42D, listed by Underwriters' Laboratory, Inc, are 
arranged with switch enclosed in heavy explosion proof case for safe mounting in 
hazardous atmospheres. Case tapped for conduit. 



Type 


Switch 


Action on 
Temperature Drop 


Ranftc 


Differential 


Klectric Ratlndt 


A.C. 


D.C. 


TA42A 
TA42C 


S.P S T 


Close 


4S-75*' F 


(Both Typ€«> 
Non-adjuB table 
2° F. approx. 


10 ampa. 116-230 V 
1 H P.. 116 V. 
1 ^ H.P.. 280 V. 


(Both Typm) 
2 ampa., 24 V. 
1.6 ampa., 82 V. 

.2 ampa.. 115 V. 

.1 amp., 280 V. 


TA42B 
TA42r) 


S.P.S.T. or S.P.D.T. 


Open (S.P.S.T.) 


45-7S*' F. 
6S-95<» F 


4 ampa. 11 5-280 V. 
% H.P., 116 V. 

% H P.. 280 V 



(TA42C A D) Height. 5»V; ^ 

SPECIAL FEATURES AVAILABLE: 



6^': depth 4»»V. 



Adapter plate for mounting TA42A and B on vertical 
s^^itch box at extra cost. (#33410A). 
Conduit adapter for hanging TA42A and B thermostats 
in space at extra cost. 



Positive 'on" switch at extra cost — all models. 
WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range. 

8. Spe 1 features required. 
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ELECTRIC CONTROLS 

THERMOSTATS 




MERCURY SWITCH THERMOSTATS 

Mercury Switch type, bellows actuated thermostat for use with either line or 
luw voltage primary equipment. Mercury switch contacts are protected from dust 
and corrosion. Has temperature adjustmg knob on side of case. Finished in silver. 



1 >p« 1 


Switch 


Uill 


2 S I'.S.T. 


T42J 


2 S.I T. 




2 S.P.S.T. 



Action on i emperature Drop 



Kanf^e 



DIffercniial 



iit4i in st-qucncf 



f) two circuit* in sequence 



Opf n one circviit, c\o9eB one circuit 



40-80** F. 
and 

60-100° F. 



2** F. non-adjuBtable 

per stage. 
AdjusUble 1 to 6° F. 
betwe«»n stages. 



Klectrlc Katina 



1 amp. — 115 volts 
»/i amp.— 280 voit« 
1^20 H.P.A.C. 
I 30 H P. D C. 




DIMENSIONS— Height. 6»V; width. T'.'; depth. 2 '4". 



SPFXIAL FEATURE AVAILABLE: 
Locking Device fat no extra cost). 



WHEN ORDERING SPECIFY: 

1. Type number. , 

2. Electrical motor rating — including normal running 
cunent. If M-H device is to be controlled, include its 
type number, voltage and frequency. 

3. Locking Device, if required. 




LIGHT DUTY LINE VOLTAGE SNAP ACTING THERMOSTATS 

Magnetic Snap Acting bimetal actuated room tlicrmostat, suitable for eitlv r 
line or low voltage application. S.P.S.T. switching action. Temperature setting by 
external lever at bottom. Silver finish. 



Type 



Action on 
Temperature Drop 



T44 \ 



Rande 



54-86*» F. 



DIM I NSIONS— H» igh(, 5^ wul^h, 2': depth. I V- 

SPECIAL FEATURES AVAILABLE: 

Locking Device — Cover lock screw (at no extra cost). 
Night Shut-off at no extra cost. 



Differential 



Adjustable 
1 i^** to 6° 



Electric Rating 

6 amps.— 115 volts 
24 amps.— 230 volU A.C 
16 volt amps. — 260 volts D.C. max. 

|fiw •tartintr rurront 



14 H.P.A.C 



WHEN ORDERING SPECIFY: 

L Type number. ^ . . on. ^ 

2. Type number, voltage and frequency of device iherm- 
ostat is to control— Include normal running current of 

motor if used. 

3. Special features required. 



HEATING-COOLING THERMOSTAT ASSEMBLY 

FOR I SI WITH T44 TIIFRMOSTAT 

Heating-Cooling Thermostats are used for controlling the operation of equip- 
ment capable of both heating and cooling functions. 

Stan- lard bnap Action Thermostat (T44) can be combined with special 
Heating-Cooling switches, which include a manual switch. The switch affords a 
•*heating". a **cooling" and an *'off" position. 

The comi)ination of T44 Thern t with a Q18A Switch affords conyen- 

ti il heating control when the m- 1 switch is in the "heating" position. When 

the -witch is moved to "cooling" the circuit is continually eneri^n/ed. t v 
providing continuous operation of a fan. 

TYPE WHEN ORDERING SPECIFY: 

Q18A (Does not include thermosUt). 1. Thermostat completely as per ordering specificatirrnfl 

DIMENSIONS— (For thermosUt including Switch.) under Snap Action ThermosUt. 

Height. 6^4^ width, 2Ml^ depth; 2%" 2. Type number of switch. 
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ELECTRIC CONTROLS 

THERMOSTATS 




PROPORTIONING (POTENTIOMETER) THERMOSTATS 

Potentiometer Thermostats are available for use with Series 90 proportioning 
equipment only. They are bellows actuated, and are used in control circuits where 
modulation of the controlled device is required. Operating bellows, vapor filled. 

Screw driver adjustment is under locking cover. Silver finish. 



Type 


Switch 


Potentiometer Size 


Differential 


Ran&e 


Electric Radng 


T92A 


Single potentiometer 


%' or U' 


NoD-Adj. 3° F. 


63-«7=F. 
48-72* F. 


Low voltage 


T92B 


Two potentiometprs for controlling two 
circuits simultaneously or in sequence 


%" or W 


Non-adj. 3^ F. 


63-87* F. 


A.C. only 


T92E 


Two potentiometers for controlling two 
circuits simultaneously or in sequence 




Adjustable 
2** to 6° per coil 


63-87* F. 




T92G 


Single potentiometer. Series 20 contact 
in sequence on low side 


w 


Non-adj. 3' F. 


63-87= F. 




T92H 


Single potentiometer. Series 20 contact 
in sequence on high side 


w 


Non-adj. 3= F. 


63-87=" F. 





DIMENSIONS— Height. h\'\ width. 3^': depth, 2 V- 

SPECIAL FEATURES AVAILABLE: 

External thumb screw adjustment at top of case at no 
#*xtra cost. 



WHEN ORDERING SPECIFY: 

1. T>T)e number. 

2. Range. 

3. External thumb screw adjustment, if required, 



REMOTE BULB THERMOSTATS 

Mercury Switch Type 

For use where control element must be mounted in water lines, air streams 
and other inaccessible mediums. Operating element consists of a vapor filled tubing 
and bellows. Series 40 or 60 switching action for line or low voltage application. 
Mercury switch contacts. Five foot element standard ; special lengths of 10 ft. 

available at extra cost. Capsule is copper. Temperature adjustment made 
by screws on top of case. 




1 Action on 
Typ« ' Switch I Temperature Drop 


Ranf^e 


Diffei 
Low 


-ential 
Mijih 


Bulb Size 


Pittlnils 


T4I5A 


S.P.S.T. 


Close 


0-70" F.»> 
15-90*' F.V« 
60-100' F.»J» 
65-140^ F. 
80-2 10<» F.t 

105-220= F. 

160-280^ F.» 


!• 

4-27" 
1° 

4- 2r» 

5- 29° 
5-29' 
S-32*» 


1' 

1" 

3-13' 
S-14*» 

3- 14" 

4- 15" 


14U»xHV 

14 4'x>'V 

14 Vx"V 

14 Vx"V 

m- 

4'x V 




T415B 


S.P.S.T. 


Open 


T615A 


S.P.D.T. 


Close. iDftkes R-B circuit 
Open, makes R-W circuit 


T41 M 


2 P.S.T. 


Close two circuits 
in sequence 


0-70** F. 
15-90= F.* 
60-100** P. 
65-140" F. 
105°-220^ F. 


1 ^4** per stage %l 1 a*' 
between stages for 

0-70 only. 

Others: 1 V Per stags 
A 1 U'' between stages 


14U'x»»V 

14 it.'x'«V 
14 

4*'x V 






T415G 


2 PS T 


Open two circuits 
in sequence 


0-70^ F.»> 
15-90' F.* 
60-100* F. 


1 V per stage %l 1 U" 
between stages 


14 4'x»»V 
14 4'x>»<|' 

14 t'.'t'iV 





tSpecisl rsnge svsilsble in T415A k. T415B only ist extra cost). 

<»Av«jlsble in these rsnges snd types with limited fill element (H* x 4' bulb) at extra cost. 

DIMENSIONS— HHght from bottom of bellows houring 7 (eicept 65-140* rsnge. 6^*^); width 4^'; depth 2 V*' 

SrECIAL FEATURES AVAILABLE (at extra cost): 



ELECTRICAL RATTXG 



Type 


115 Volts 

( Amp«. ) 


2.^0 Volts 


Horsepower 


R.I. 


S P. 


DC. 


T415A. B 


10 


6 


1* 




\ 


T4I5P. G 


1 


4 


1/20 


1/20 


1/SO 


T4I5A 


1 


4 


1 20 


1^0 


1 ^20 A 



•\ H P for 15^. eS-UO*. 8M10*aod 106-220* #U H P. for 15-90*. 66 

to 140*, SO-210* snd 105 to 220«. 
APof 15-90^ 65-140^ 80-210* and 105-tM* only 



, Type _ _ 
WllA. 

Separable Wells — Copper, mild steel, st. steel and monel. 
Sp -*il mercury tube uith differential (except IH* 
for 80 to 210* and higher ranges). Electrical rating: 2 
amps. 110 volts, 1 amp. 220 volts. 1/12 H.P.R.L. 1/20 

H. P.S.P. and D.C. 
Mild " ^ V lie. 

WHEN ORDERING SPECIFY: 

I. Type number. 

2. Range. 

3. r^ nt length. 

4 ' foat r^^qiiirpd. 
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ELECTRIC CONTROLS 

THERMOSTATS 




REMOTE BULB THERMOSTATS 

Potentiometer Type 

Potentiometer type Remote Bulb Temperature Controllers are used where 
modulating control is required. They are designed to operate with Series 90 motors 
and relays. Operating element consists of vapor filled tubing and bellows. Five foot 
element standard; special lengths of 10 ft. available at extra cost. Capsule is 

copper. Temperature adjustment made by screws on top of case. 



'ype 



Switch 

g\e Potentiometer 



0- 70' h .m 

16- 90** F.* 
60-100** F.m 
66-140° F. 
80-210° F.* 

105-220'^ F. 

160-280° F.* 



RanHet 

Non-adjudtable 
3° F. 



Bul b 
14 »: 



Size 

77 



Two potentiometer! for coi.^i >llinK two cir- 
cuit! Bimultaneouily or in sequence 



0- 70*» F.m 
16- 90° F.*( 
60-100° F • 
66-140° F. 

105-220° F. 

160-280° F.* 



Non-adjuBtable 
3° F. 



14'./x"u 
14»-/i"V 
14 4*x'»V 

14»t2"x'V 

14 4*x**'i' 
14«//x'»V 

14 



Siriijle P< 



meter 



—26- 0° F.* 
0- 70° F.# 

16- 90° F.*( 

60-100° F.« 

66-140° F. 

80-210° F.* 
106-220° F. 
160-280° F.* 



Adjuitable 

29-122° F. 
8- 52° 
7- 88° 
6- 89° 
6- 40° 
6- 32° 
6- 32° 
6- 32° 



F. 
F. 
F. 
F. 
F. 
F. 
F. 



14 

14^'x>»V 

14>/^'x"V 
l4fVx"V 

4'x 
4'x 



m 
m 



1^151) 



Two potent! ^^motera for controlling two rir- 

aimultaneouBly 



0- 70° F.« 

16- 90° F.*( 
60-100° Y % 
66-140° F. 
76-105° F.^ 
80-210° F.* 

106-220° F. 

160-280° F.* 



T^15M 



Single potentiometer and set of map acting 

■eries 20 contacts 



0- 70° F. 

60-100° F. 
66-140° F. 

105-220° F. 




Adjustable 

8- 62° F. 

7- 38° F. 

6- 89° F. 

6- 40° F. 
26-126° F. 

6- 40° F. 

6- 32° F. 

6- 82** F. 

Non-adjustable 

3° F. 
(Series 20^ y^) 



14 Vx''^" 
14 

UMl'x"V 
4*'x 

4'x V 

4''x »V 
4"x V 

U V4'x"V 

14Vi'x'>V 
14 ^•x'«Y 
4'x W 



•Special rangta available at extra cost. . ^ ..^ 

Available in thcM ranges and types with limited fill element ( V « ^ \iM\h) at extra cost. 

er I * 



tValues shown correspond to mid-scale b ig, slightly wider for low setting 
DIMENSIONS— Height, 6]^'; width. 6'; depth. 3'. 

SPECIAL FEATURES AVAILABLE (at extra cost): 
Adjustment Means — Thumb screw. Order by Type No. 
WllA. 

Separable Wells — Copper, mild steel, st. steel and monel. 
Mild Steel Capsule. 



Fitrin|l» 



Electric Ratinil 



♦4" 



*4 



!x>w 
voltage 

A. C. only 



lightly narrower for high setting. 

WHEN ORDERING SPECIFY: 

1. Type number. 3. Element length. 

2. Range. 4. Special features required 




DIFFERENTIAL THERMOSTAT 

The differential thermostat reacts to changes in the difference in temperature 
hetween two points. This device may be used as a controller for maintaining a 
certain difference in temperature or may operate as an alarm switch. Has grime 
proof cast case. Five foot element standard; 10 ft. elements available at extra 



t. 



Type 



L44iA 



L443B 



Action on UecreiAse 
In T. Merafure 
i^4i 1 c i once 


FJectric Rating 


Close 


10 amps.— 116 volt* 
5 amps.— 230 voltw 
I H.P.R.I.— "4 H.I — 
U H.P.D.C. 


Open 


8.P.D.T. 


8 ampa.— 116 volU 
4 amps.— 230 vnlt^ 
H.P.R.I.— I 6 U.l I*, or D.C. 


Single potentioraetsr 


Low voltage 

A C. only 



RANGE AND DIFFERENTIA 



Dillerence in 
Temperature to 
b« Maintained 


Cont 
DUferi 


ract 
mtlal 


Limits C 

Conrrc 
be Sub 


0 Which 
>1 May 
ejected 


V >iule 


Miolsiaa 


Mfliimsai 


Minisiosi 


Mailmam 


Mlnimooi 




0* 


SO'' 


4** 


20° 








a» 




4» 




•6* 


no* 




0* 


40« 


4* 


23* 


10fi° 


226* 


4f 



ELEMENT LENGTHS— Five ft. element standard; 10 ft 
e^'^ments available at extra cost. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range (difference in temperature to be maintained). 

3. Maximum and minimum temperatures to which sys- 
tem will be subjected. 

4. Element lengths. 

5. Complete details as to general application desired. 
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ELECTRIC CONTROLS 

THERMOSTAT ACCESSORIES 

THERMOSTAT GUARDS 

Where thermostats require protection against tampering and theft, these 
devices are very useful. The Q51A is primarily designed for factory, gymnasium 
and similar usage where protection against damage is also required. It is equipped 
with locking device. The Q91A is a plain non-locking guard. Finished in black. 

TYPES 

Q51A Guard for all except Clock Type Thermostats. 
Q91A Guard for Till, T211 and TA42 Thermostats. 
Q92A Guard for Til, T19, T44, T801 Thermostats, etc. 



DIMENSIONS— Height, 8"; width, 4%"; depth, 3% 
FINISH— Black Kristo-Krak. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Thermostat to be covered. 



SEPARABLE WELLS FOR REMOTE BULB THERMOSTATS 

In general, separable wells are required for protection of the cap- 
sule of a temperature controller from mechanical or chemical dam- 
age, or where it is necessary to provide for easy removal of the 
capsule from the medium it is controlling. Separable wells are also 
required to protect capsules where the capsule is to be immersed 
in a fluid in rapid or turbulent motion. In addition, a separable 
well provides a tighter sealjor the medium controlled than a pack- 
ing nut applied only to the capillary tubing. 

When a separable well is required to protect the capsule from 
corrosion, the temperature, pressure and chemical analysis of the 
medium to be controlled should be specified for selection of proper 
well material. 

Copper wells are soldered; the head of the well being brass; the 
tubing being copper. Mild steel wells are made up with welded 
joints at end of tubing and at connection of tubing to head of well. 




I 0 



T 



FOR USE WITH %" x 4' CAPSULES 


INSIDE DIAMETER "A" 




INSIDE TAPPING "E" (PIPE THREAD) 




NECK LENGTH "C" 


hi' 




OUTSIDE TAPPING "D" (PIPE THREAD) 










MATERIAL 

COPPER 


LENGTH *B" 


23187A 


23268A 


60806A 


234 09 A 


MILD STEEL 




23269A 


23332A 


23778A 


83 1 07 A 


FOR USE WITH Vi" CAPSULES 


INSIDE DIAMETER "A" 


r .>'< ~ 


INSIDE TAPPING "E" (PIPE THREAD) 




NECK LENGTH "C" 






Ol 


IDE TAPPING "D" (PIPE THREAD) 






Vi 




MATERIAL 

COPPER 


LENGTH *'B" 


<>4A 
>4C 


2d958A 
23968C 
2d958B 


92A 
33092C 
3d092B 


28968A 

28958C 
2S953B 


MILD ST ' ^ 


Ay 

\2' 


28607A 
2S607C 

23507B 


23959A 

C 


>9A 

590 
-)9B 


88 168 A 

8S168C 
88158B 


FOR USE wn n n/ur capsules 


INSIDE DIAM "A" 


V 


INSIDE TAPPI ' • PIPE THREAD) 


_ - 


IDE TAPPING "D" (PIPE THREAD) 




NECK LENGTH "C" 






MATFRIAL 

( OPPER 


LENGTH "B" 


\ 


18417A 

284I7B 


IflLD STEEL 




ttS89A 
ttS89B 


28502A 
S8502B 
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ELECTRIC CONTROLS 

AQU AST ATS— AI RST ATS 



^1 



AQUASTATS* 

These devices are used as limit controls to prevent the operation of unit heater 
fans when there is no steam in the heater coil. They may also be used as limit 
controls on any hot water heating system. 

Has marked scale and screwdriver slot through cover for adjusting. 



♦ standard rangea available in Centigrade scale at extra coBt. 
CASE DIMENSIONS— Height, 4%": width. 8'; depth, 



WHEN ORDERING SPECIFY 

1. Type number. 

2. Range. 



Type 


Action on Temperature Drop 


Rankle* 


Electrical Rating 


Differential 


LA209A 


S. F. D. T. (Series 20) 


100-200° F. 


Low voltage 


Non-adjustable, 
approximately 10** F. 


LA409A 


Close (Series 40) 


100-200° F. 


10 amps. — 116 volts 
6 amps.— 230 volts 
1 H.P.A.C. 
14 H.P.D.C. 


LA409B 


Open (Series 40) 







♦ Trade Mark 



AIRSTAT* 

(Fan Safety Cutoff) 

The Fan Safety Cutoff is designed to stop fan operation whenever the 
temperature in the ducts rises to a point which indicates the presence of a fire. The 
device requires manual resetting following shut down in order to again start the fan. 

Although a fan cutoff device is not required by all local codes, it is advisable 
to install one on any central fan installation. 

Has swivel mounting bracket (see illustration) or surface mounting (without 
swivel bracket but with mounting holes in back of case). Screwdriver slot through 
cover provides adjustment. 



Type 


Action on Temperature Drop 


Range 


Electric Rating 


Element Length 


LA419D 


Close 


45-126° F. 
75-166*' F. 


10 amps. — 116 volts A.C. 
5 amps. — 230 volts A.C. 
1 H.P.A.C.— ^ H.P.D.C. 


10^* maximum insertion 



CASE DIMENSIONS— Height, 4%'; width. 3^ depth, 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range. 

* Trade Mark 
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ELECTRIC CONTROLS 

HUMIDITY AND PRESSURE CONTROLS 





Mercury Switch 
Type 



Snap Action 
Type 



9f 



HUMIDITY CONTROLS 

A sensitive human hair element is used to actuate switch in M-H Humidity 
Controls. Models are available with S.P.D.T. or S.P.S.T. switching action suitable 
for use in controlling 2-wire or 3-wire line or low voltage circuits. Used for either 
humidifying or dehumidifying control. Two general types are available — with 
"snap action'' or mercury switch contacts. 

H63A adjusted by indicator lever. Other models adjusted by external knob. 
Silver finish. 



I'ype 



Switch 



Action on 
Humidity Rise 



Differenrlal 



H41A 


Two-wire Mercury Switch 


Open 


8% R.H. 


2 amps. — 115 volts 
1 amp. —230 volta 


20 to 80% H.H. 


Height— 5 K*' 
Width— 2%' 
Depth — 2»»V 


H41B 


Two-wire Mercury Switch 


Close 


H61A 


Three-wire Mercury Switch 


Clote R to W 


6% R.H. 


1 amp. — 115 volts 
^ amp. —230 volta 


H63A 


Three-wire Snap Action 


Close R to W 


2% R.H. 


1 amp. — 115 volta 
4 amp. — 230 volta 


20 to 96% R.H. 


Height— 6' 
Width —2 4' 
Depth —2* 



Electrical Racing 



Ranf^e 



Dimensions 



SPECIAL FEATURES AVAILABLE: 
Locking cover for H63A available at no extra cost. 
Locking cover, Key set for H41 and H61 at extra cost. 



WHEN ORDERING SPECIFY 

1. Type number. 

2. Special features required. 




Type "P" 



Type "L" 



PRESSURETROLS*— MERCURY SWITCH TYPE 

Mercury Switch Pressurctrols may be utilized as controlling or limiting devices 
in line or low voltage circuits. Mercury Switch contacts are operated by variations 
in pressure. Two general types are available — Type **P" with the actuating bellows 
located inside of the case, for 0 to 10 lbs. only, and Type **L*' with external bellows 
for the higher ranges. Main scale and differential adjusting screws at top of case. 



Type 1 


Action on Presaure Drop 


Klectric Rating 


Ranae* 


Differential 


P204A 


Open R-W circuit (SeHct tO) 


Low voltage 
A.C. only 


"P" modela 0 to 10 Iba. 
L604A 0 to 16 Iba. 
All "L" models 2 to 50 Iba. 

5 to 150 Iba. 
10 to 800 Iba. 


Adjuatable 1 to 6 Iba. 
AdJuaUbla 9 ota. to 6 Iba. 
AdjuaUbla 2 to 12 lbs 
Adjuatable 6 to Iff Iba 
AdJuaUble 5 to 40 lbs. 


L404A and P404A 


Cloae 


ea 40) 


10 ampa. — 116 volta 
5 ampa. — 280 volu 
1 H.P.A.C.— ^H.P.D.C. 


L4d4B and 1*404 B 


Op^n 


ca 40) 


L604A 


Opm R-W circuit (Serit'S 60) 


1 amp. — 116 volti 
Ml amp. — 230 volta 

1/20 H.P.A.r. and D C. 



* K\\frgr^rTk equivalcnta of above show samt" nrate on "V" mudela. Available at no extra cost un "L" modela. 
DlMENSiONS- Caae: "P" auMUia; U«i^ht 8 width 8 4'; depth. 2\r "L" modolt; Height. 4'; width. 8^'; depth. 24*. 



SPECIAL FEATURE AVAILABLE (at extra cost): 
Thumb scr^w adjustment means. 

* Trade Mark 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range. 

8. Special feature required. 
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ELECTRIC CONTROLS 

PRESSURE CONTROLS— VACUUMSTATS—VAPORST ATS 




VAPORSTATS*— MERCURY SWITCH TYPE 

The Mercury Switch type Vaporstat is used extensively as a limiting device in 
control systems regulating the operation of vapor steam boilers. These units are 
available for either low or line voltage applications. Main scale and differential 
adjusting screws at top of case. 



Type 1 


Action on Pressure Drop 


Ran^e 1 


Electric Rating 


Differential 


L408A 


Close (Series 40) 


0-16 oz. or 
0-4 lb. 


10 amps. — 115 volts 
5 amps. — 230 volts 
1 H.P.A.C.— 14 H.P.D.C. 




L408B 


Open (Series 40) 


Adjustable 


L608A 


Makes W to R (Series 60) 


0-16 oz. 


1 amp. — 115 volts 
\^ amp. —230 volts 
1/20 H.P.A.C. and D.C. 


2-16 oz. 



DIMENSIONS— Case: Height. 4^ width. 3 4"; depth, 2 4". 



* Trade Mark 



WHEN ORDERING SPECIFY: 

1. Type number. 2. Range 




VACUUMSTATS*— MERCURY SWITCH TYPE 

The Mercury Switch Vacuumstat is designed to operate as a hmiting device 
when used in conjunction with a room Thermostat or to provide direct control of 
vacuum pressure heating systems. This control should be used only on installations 
employing a vacuum pump, since loss of vacuum may prevent proper control of the 
heating system. Mercury Switch contacts are satisfactory for line or low voltage 
applications. Main scale and differential adjusting screws at top of case. 



Type 


Action on Pressure Drop 


Ranf^e 


Differential 


Electric Rating 


L411A 


Close 


22' vacuum to 35 lbs. 


Adjustable 4" vacuum 
to 30 lbs. 


10 amps. — 115 volts 
5 amps. — 230 volts 
1 H.P.A.C— »i H.P.D.C. 


!,411B 


Open 



DIMENSIONS— Case: Heigh*. 4": width. 3 4*; depth, 2 4*. 



WHEN ORDERING SPECIFY: 
* Trade Mark 1. Type number. 



PRESSURE CONTROLLERS— POTENTIOMETER TYPE 

Potentiometer type pressure controllers are designed for use with Series 90 
modulating control equipment. They may be applied wherever it is required to 
regulate the speed or capacity of heating or cooling equipment in a gradual manner. 
These controllers are available with an adjustable modulating range and are to be 
used only with other Series 90 equipment. Main scale and differential adjusting 
screws at top of case. 



Type 


Potentiometers 


Available Adjustment Sc. Modulatinj^ Rani^e 


Electric Rating 


0-15# 




tO-16 oz. 


t2-50# 


t5-150^ 


tlO-3001 


L91A* 




4 lb. 


2 lbs. 


1 oz. 


2 lbs. 


5 lbs. 


10 lbs. 


Low voltage 
A.C. only 


L91B 


One 


1-12 lbs. 


5-32 lbs. 


2-38 ozs. 


4-32 lbs. 


11-52 lbs. 


20-110 lbs. 


L91D 


Two 


1-12 lbs. 




2-38 oM. 


4-32 lbs. 


5-23 lbs. 


Min. 20 lbs. 



♦Non-adjustable modulating range- tRanges available at extra cost. DIMENSIONS — Case: Height, 4"; width, 3 4"; depth, 2 4". 

WHEN ORDERING SPECIFY: 

1, Type number. 2. Range. 




MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 




ELECTRIC CONTROLS 

PRESSURE CONTROLS AND REGULATORS 




DIFFERENTIAL PRESSURETROL* 

The differential pressure controller reacts to changes in the difference in 
pressure between two points. This device may be used as a controller for maintain- 
ing a certain difference in pressure or may operate as an alarm switch. Has grime 
proof cast case. 



Type 1 Switch 


Action j 


Electric Rating 


P406A 


S.P.S.T. 


Close on DecreMe of pressure difference 


10 ampa. — 116 volta 
1 H.P.R.I., H.P.S.P. it U H.P.D.C. 


P406B 


S.P.S.T. 


Open on decrease of prewure difference 


r606A 


S.P.D.T. 


Double throw mction 


8 ampa. — 115 volta 
^ H.P.R.I. 


P906A 


Single Potentiometer 


Graduate 


Low voltage A.C. only 



DIMENSIONS— Height, H^U"', width. 9^"; depth. 3\ 

RANGE AND DIFFERENTIAL— 



Difference in Pressure 
to be 
Maintained 


Contact Differential 


Limits to Which 

Control 
May be Subjected 


Minimum 


Maximum 


Minimum 


Maximum 


Minimum 


Maximum 


0 lbs. 


1 lb. 


1 


16 oz. 


0 lbs. 


5 lbs. 


0 lbs. 


10 lbs. 


% Ibe. 


6 lbs. 


0 lbs. 


20 Iba. 


0 lbs. 


45 lbs. 


1 4 lbs. 


30 lbs. 


22' vac 


85 lbs. 


0 lbs. 


50 lbs. 


14 lbs. 


12 lbs. 


2 lbs. 


85 lbs. 


0 lbs. 


70 lbs. 


4 lbs. 


16 lbs. 1 5 lbs. 


225 lbs. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range. (Difference in pressure to be maintained). 

3. Maximum and minimum pressures to which system 
will be subjected. 

4. Comnlete details as to ireneral aDulication desired. 



* Trade Mark 




STATIC PRESSURE REGULATOR 

The Static Pressure Regulator is used in conjunction with Series 60 floating 
damper control motors to regulate the static pressure in the discharge duct of central 
fan heating, ventilating, and air conditioning installations. It may also be applied 
in conjunction with systems of combustion regulation. Four holes provide for wall 
or duct mounting. Spring for adjusting pressure range; adjustable contacts and 
spring for diflferential 



lype 1 


Switch 


Kan^e 


Differencial 


Electric Ratinit 


P212A 


S.P.D.T. 


Positive Pmure: 
0-2' water including difT. 

Negmtive Pressure: 
0-2' water including diff. 


Adjustable 
.05* to .75' of water for 25V. 
.15* to .75' of water for 

115 or 230V. 


1 amp. — 26 volts 
\i amp. — 115 volts 
H amp. — 280 volts 



with regulator. 

SPECIAL FEATURES AVAILABLE— 
#3012983 Outdoor duct head assembly. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Special features. 



LIGHT DUTY DAMPER MOTORS 

These small light duty motors are designed for application in conjunction 
with systems for zone damper or draft and check damper regulation They arc 
available for two position operation only, and are not satisfactory for installation 
where lari^^e dampers are used. Motor power unit is of the induction type. Series 20 
moiofb arc uni-directional. Series 80 motor is spring return. Adjustable crank arm 
standard on all types. 




Types 


Application 


Timing 


Stroke 


Crank Arm 


Mai 
Load ai 
Eitreme 
Radius 


Mai. 

Torque 


Power 
Consumption 


t 

Dam per 
Rating 


Electric 
Rating 


Number 


Mln. 
Radius 


Mai. 
Radius 




Drmft and check dampen 


60 sec. 


u li 1 i r ecti onal 


Two 


"V 


2 4' 


6 lbs. 


12 4 in. Iba. 


8 wstU 




115 V. 60 cycle 
transformer. 


MMC 


(S«ri«20) 
Zona dam par control 


60 aec 


unl-direr*' ' mMth 
dual coniroi itvkiLch 


One 






7.6 lbs. 


18 In. Iba. 


8 watts 


7 sq. ft. 


powsr typs. 
plate mountinc 
standard.* Leak* 
age type with 
plate or foot 
mounting avail- 
able at no iBtm 
ooat. 


MII7A 

1 


(Saris 80 
Draft and obaek dampen 


26 aec 


•prinff return 

— — ' ' -< 


Two 


I' 


x»>V 


7.6 lbs. 




20 in. Iba. 




20 watts liftinf : 
10 watu holding 





WHEN ORDERING SPECIFY: 

2. VolUg< 



3. Specify Q664 damper linkmfe for M26C if minlrad. 

ransformer if other than standard. 

COMPANY 
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ELECTRIC CONTROLS 

MOTORS AND POWER UNITS— AUXILIARY SWITCHES 



Type 



M204A 



M405A 



M805A 



M604C 



M904F 




I 



★MODUTROL MOTORS (HEAVY DUTY) 

Modutrol Motor power units may be adapted through Hnkage mechanisms to 
damper and valve assembhes. Oil immersed capacitor type power units are operated 
directly by temperature, humidity or pressure control units. 

Double ended crank shaft, size Ys' square, ^>^" long. One crank arm adjustable 
from minimum radius of 1 9/16" to maximum of 2 11/16". Adjustable in steps of 
22y2 angular degrees for any position within full cycle. Spring for spring return 
type motors is included. 



Description 



(Series 20) Two position uni-directional 



(Series 40) Two position spring return 



(Series 80) Two position spring return 



(Series 90) Proportioning spring return motor 



(Series 60) Floating, reversible motor 



(Series 90) Reversible proportioning motor 



(Series 90) Reversible proportioning motor. 
For use where vibration is encountered. 
Must be used with R927C relay. 



Timinfi 


Stroke 


Load 
Rating 


tDamper Rating 
(sq. ft.) 


Electric Rating* 


\^ min. 

1 min. 

2 min. 
4 min. 


00 00 00 00 


40 in. lb. 

80 in. lb. 
108 in. lb. 
108 in. lb. 


25 
50 
70 
70 


Low voltage motors for A.C. 
only, 115 or 230 volts, 60 or 60 
cycle primary transformers 
standard. (Odd voltage and 
frequency transformers avail- 
able at extra cost). Line volt- 
age motors, 115 or 230 volts, 
50 or 60 cycles standard. (Odd 
voltage and frequency motors 
available at extra cost). 

♦ All motors low voltage ex- 
cept M405A, which is for line 
voltage. 


35 sec. 


60° 


27 in. lb. 


20 


min. 

1 min. 

2 min. 
4 min. 


160° 
160° 
160° 
160° 


40 in. lb. 

80 in. lb. 
108 in. lb. 
108 in. lb. 


26 

50 

70 
70 



Power 
nsumptl 
(Lifting) 



22 
22 
15 
15 



18 



24 



24 



16 



24 



15 



t Do not exceed 100 lb. net load on crank arm. 
DIMENSIONS— Height, V; width, 5%'; depth, 6*\^\ 



SPECIAL FEATURES AVAILABLE: 

Dual control switch for controlling extra motor available 
for all Series 90 motors. 

Auxiliary switch for operating accessory equipment 
available for all motors. (See Q52 Auxiliary switches 
for ratings). 

* Trade Mark 



WHEN ORDERING SPECIFY 

1. Type number. 

2. Timing. 

3. Voltage and frequency. 

4. Special features required. 



AUXILIARY SWITCHES FOR ^MODUTROL MOTORS 

When a Modutrol motor is operating a valve or damper, it is often necessary that an auxiliary circuit be com- 
pleted as the valve or damper reaches a predetermined point in its travel. The Type Q52 auxiliary switch, which 
is integrally mounted with the motor, performs this function through the action of a cam-operated mercury switch. 
Its adjustment is arranged so that the switch, regardless of the position in which the motor is mounted, may make 
and break its contacts within 5 angular degrees of travel of the motor; or the differential may be broadened so that 
it is equal to the full travel of the motor. A single pole, double throw mercury switch is provided so that the circuit 
may be completed when the motor is operated in either direction, merely by choosing the proper terminals. 

The Q52 is also available with two mercury switches, independently adjustable, driven by the same shaft. 
When two of the double-switcli models of type Q52 are applied to the same motor, one mounted on the nameplate 
end and the other on the cover end of the motor, a four-stage multiple step operation is provided similar to that of 
the multiple step controllers shown on page 22. 




Type 



052A 



052B 



052C 



052D 



Switch 



Mounting l»osition 



Rani;te 



S.P.D.T, 



S.P.D.T 



2 S.P.D.T. 



2 S.P.D.T, 



Front or nameplate end of motor 



Back or cover end of motor 



Front or nameplate end of motor 



Back or cover end of motor 



May be set to operate at 
any point in the motor 
travel 



Differential 



Electric Rating 



Minimum of 6 an^^lar 
degrees. Maximum limit- 
ed only by maximum 
travel of motor. 



S.P.D.T. switches 8 amps. 116 
volts, 4 amps. @ 230 volts, \^ 
H.P.R.I.. 1 10 H.P.S.P. and D.C. 
116 or 230 volts: S.P.S.T. switches 
10 amps. @ 116 volts, 6 amps. ^ 
230 volts, 1 H.P.R.I., H.P.S.P. 
and 14 H.P.D.C. 116 or 230 volts. 



DIMENSIONS— Height. 5U': width. 4"; depth, 2%\ (Not including adaptor plate) 

WHEN ORDERING SPECIFY: 
1. Type number. 

* Trade Mark 



MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 



f 




ELECTRIC CONTROLS 

MOTORIZED VALVES 



TWO POSITION TYPE 

Two position heavy duty motorized valves are used extensively for controlling 
the flow of gases, liquids and steam. These assemblies include the Q601 linkage 
and are operated by the oil immersed M204 Modutrol Motor. 

TYPES— SIZES— PATTERNS 




Type 


Motor 


Linkage 


Valve 

Body 


Size 


Pattern 


Trim 


K200U 


M204A 


Q601B 


V575A 




Screwed — Bronie— Single Seat* 


Bronze 


K201C 


M204A 


O601A 


V637F 




Screwed — Bronze — Double Seat 


a 


K201B 






V537B 




Screwed — H. T. I.t — Double Seated 




K201B 






V537B 




Flange — H. T. I.t— Double Seat 


• 


K202A 






VB8A 




Screwed — Bronze — Pilot Operated 


m 


K202B 






V58B 


2 y^^-v 


Screwed— H. T. I.f— Pilot Operated 


m 


K202C 






V58C 


2V4'-6' 


Flange — H. T. I.t— Pilot Operated 


m 


K203A 






V638B 




Screwed — Bronze — 3- Way 


m 


K203A 






V688B 


2V^'-4' 


Flang^H. T. I.t— 3-Way 


m 



♦Composition Disc. 



tHigh Tensile Iron. 



SPECIFICATIONS 

ELECTRICAL RATING— Low voltage A.C. only. (Trans- 
formers with 115 or 230 volts, 60 or 60 cvcle primary 
furnished as standard. Special voltages and frequencies 
available). For detailed specifications see M204 motors 
on page 16. 

LINKAGE — Adjustable lift and valve position indicator 
standard. 

Valve can be mounted in any position as long as motor 
shaft is horizontal. 

K200B— QGOIB lift adjustable from %" to ^i". 

SPECIAL FEATURES AVAILABLE: 

Special body and trim materials for all double seated 
valve bodies. 

Companion flanges for flanged pattern bodies at extra 
cost. 

Auxiliary switches are available. (See page 15). 

WHEN ORDERING SPECIFY 

1. Type number. 

2. Size. 

3. Motor timing, voltage and frequency. 

4. Medium to be controlled. 

5. Temperature of medium to be controlled. 

6. Pressure of medium to be controlled. 

7. Pressure drop through valve. 

8. Special features required. 

NOTE: Double seated valves do not provide positive tight 
Bhut-ofT. Where slight leakag-e is not allowable, 
specify single seated v?)lve bodies. 

caparitiea see pages 5J, 03 and 54. 

StainlesB Bteel trim is recommended for use on 
double seated valves where differential pressures 
will exceed 70 lbs. per square inch. Stainless steel 
trim is also recommended for valves used on 
Bervices where sand and grit may be carried in the 
water or fluid controlled. 

M I N N E A P O LIS-HONEYWELL 



PRESSURE RATINGS— 



Types 


Valve 
Size 


Max. PreM. 
Lbs. Sq. In. 


Types 


Valve 

Size 


Max. Press. 
Lbs. Sq. In. 


K200B 




125 


K201B 


5" 


65 


K200B 




125 


K201B 


6" 


60 


K200B 




125 


K202A 




150 


K200B 


I' 


85 


K202A 




160 


K200B 




60 


K202A 


V 


160 


K200B 




40 


K202A 


IV 


160 


K200B 


2' 


25 


K202A 


IV 


160 


K200B 




16 


K202A 


2* 


160 


K200B 




10 


K202B 


2 V 


160 


K201C 




150 


K202B 


8' 


160 


K201C 




150 


K202C 


2 V 


126 


K201C 




150 


K202C 


8' 


125 


K201C 




150 


K202C 


4' 


126 


K201C 




150 


K202C 


6' 


126 


K201C 




150 


K202C 




126 


K201B 


hi' 


150 


K203A 




150* 


K201B 


\' 


150 


K203A 




150* 


K201B 


I' 


150 


K20iA 


!• 


90* 


K201B 




150 


K203A 


IV 


60* 


K201B 


IV 


150 


K203A 


IV 


40* 


K201B 


2" 


150 


K203A 


2' 


25* 


K201B 


2 V 


150 


K203A 


2 V 


16* 


K201B 


8* 


146 


K203A 


8' 


8* 


K201B 


4* 


105 


R203A 


4' 


4* 



NOTE: PrcMure ratings in above chart based on standard 60 s< d 
timing motor. F^r timings other than 60 seconds, refer to Sec. 8, PaguM Z2 
and 23, Air ConuiLi. iiing Control Manual. 

•Pr. .^Aijf. ratings shown lor LliriH-way valvM r to the mu um 
unbalanced pressure that can exist at roH.H the two inleiM of the valv«* used 
ng spplication. Maximum sialic prrnMurfu: K flanged, 126 

t oi pressure drops 
m pressure 



lbs.; 

thr<'M> 

di(li.rcfiual thst wiii exist across eitbsr 



^ screwed, 150 lbs. A complete 
ayv*. rn !■ ne< 



1 


1 


1 


111 
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ELECTRIC CONTROLS 

MOTORIZED VALVES 





MODULATING TYPE 

Modulating Motorized Valve assemblies are applicable to all installations where 
the flow of gases, liquids, and steam is to be controlled. When used m conjunction 
with other Series 90 controllers, these valves will provide accurate modulation of 
flow proportionate to changes in temperature, humidity, or pressure as measured by 
the controller. 

TYPES— SIZES— PATTERNS 



w 





Type 


Motor 


Linkage 


K900B 


M904E 




K901B 




O601A 


R901B 




m 


K903A 




m 


K903A 




m 


K910A 




Q610B 



Valve 
Body 



V575A 



V537B 



V537B 



V538B 



V538B 



Size 


Pattern 


Trim 


14 "-3* 


Screwed-Bronze-Single Seated-"V" Ports* 


Brooze 




Screwed-H. T. I.t-Double Seated-"V" Ports 


• 




Flanged-H. T. I.f-Double Seated-"V" Ports 


m 




Screwed-Bronze-3-Way-"V" Ports 


m 


2 ^^"-^^ 


Flanged-H. T. I.t-3-Way-"V" Ports 


m 




rrt* w*>H -R ro n - W a V -T h r 0 1 1 1 i n g 


a 



♦Composition Disc. 



tHigh Tensile Iron. 



SPECIFICATIONS 



LECTRICAL RATING— Low voltage A.C. only. (Trans- 
formers with 115 or 230 volts, 50 or 60 cycle primary 
furnished as standard. Available for other voltages and 
frequencies). For detailed specifications see M904 motors 
on page 15. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Size, 

3. Motor timing, voltage and frequency. 

4. Medium to be controlled, 

5. Temperature of medium to be controlled. 

6. Pressure of medium to be controlled. 

7. Pressure drop through valve. 

8. Special features required. 

NOTE: Double seated valves do not provide positive tight 
3hutoflf. Where slight leakage is not allowable specify 
single seated valve bodies. 

For valve capacities see pages 52, 53 and 54. 

Stainless steel trim is recommended for use on 
double seated valves where differential pressures 
will exceed 70 lbs. per square inch. Stainless steel 
trim is also recommended for valves used on 
services where sand or grrit may be carried in the 
water or fluid controlled. 



SPECIAL FEATURES AVAILABLE (at extra cost): 
Special body and trim materials for all double seated 
valve bodies. 

Companion flanges for flanged pattern bodies at extra 
cost. 

Auxiliary switches are available. (See page 15). 
PRESSURE RATING- 



LINKAGE — Adjustable lift and valve position indicator 
standard. Valve can be mounted in any position as long 
as motor shaft is horizonUl. K900B— Q601B lift adjust- 
able from to 



Types 1 


Valve 
Size 


Max. Press. 1 
Lbs. Sq. In. 1 


Types 


Valve 
Size 


Max. Presa. 
Lbs. Sq. In. 


K900B 1 


U" 


125 


K901B 


4" 


105 


K900B 


%' 


125 


K901B 


5*^ 


• 65 


K900B 




125 


K901B 




60 


K900B 




125 


K903A 




150* 


K900B 


v 


85 


K903A 




160* 


K900B 


IV 


60 


K903A 


1* 


90* 


R900B 




40 


K903A 


IV 


60* 


K900B 


2" 


25 


K903A 


IV 


40» 


K900B 


2W 


15 


K903A 


2' 


25* 


K900B 




10 


1 K903A 


2V 


16* 


K901B 


^' 


150 


1 K903A 


3' 


8* 


R901B 




150 


K903A 


4* 


4* 


K901B 


1 


150 


K910A 


V 


60* 


R901B 




150 


K910A 




60* 


K901B 




150 


K9I0A 




60* 


K901B 




150 


1 K910A 


lu' 


60* 


K901B 




150 


K910A 


IV 


40* 


K901B 


1 3' 


145 


1 K910\ 


2' 


25* 


NOTE: Pressure ratings in above chart based on standard 60 second 
timing motor. For timings other than 60 seconds, refer to Sec. 8, Pages 22 
and 23, Air Conditioning Control Manual. 

♦Pressure ratings shown for three-way valves refer to the maximum 
unbalanced pressure that can exist across the two inlets of the valve used 
as a mixing application. Maximum static pressures: K903, flanged, and 
K910, 125 lbs.; K903. screwed, 150 lbs. A complete calculation of pressure 
drops through the system is necessary to determine the maximum pressure 
differential that will exist across either seat. 
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ELECTRIC CONTROLS 

MOTORIZED VALVES 




ELECTRIC RADIATOR TYPE 

Packless type Motorized Radiator Valves of the two position type are available 
for controlling the flow of water or steam to one or two-pipe systems of direct 
radiation. Available for either low or line voltage service, they are frequently used 
in offices, school rooms and auditoriums where control of individual radiators 
is required. 

Valve bodies are brass. Straight through non-offset, straight through offset 
and angle pattern bodies available. Composition disc for tight shut-off. Power unit 
employs special shaded pole induction motor. 



Type 


Voltage 


Power Consumpdon 


Electric Rating 


Pressure Rating 


Timing 


Body Size 


Pounds per Square In. 


V205A 


(SerieB 20) 
Low 


15 watt3 


Low voltage A.C. only. (Trnsformer with 116 volts, 
60 or 60 cycles primary furnished standard. Odd volt- 
ages and frequencies. 


I' 

2' 


35 
20 
16 
12 
10 


1 mln. op«n 
or dofle 


V605A 


(Series 60) 
Line 


8 watts 


115 volts, 60 cycle standard (Available for odd voltages 
and frequencies at extra cost). 





SPECIAL FEATURES AVAILABLE: 
Dual switch for operating additional radiator valves. 
(Four valves maximum for any one thermostat). High 
pressure valves at extra cost (%", 80 lbs., 1", 60 lbs., 
50 lbs.). 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Size. 



3. Pattern of valve body. 

4. Voltage and frequency. 

5. Medium to be controlled. 

6. Temperature of medium to be controlled. 

7. Pressure of medium to be controlled. 

8. Special features required. 



NOTE: V205A valves may be ordered less transformers 
if central transformer is to be used. 




MOTORIZED BUTTERFLY VALVE 

The Motorized Butterfly Valve is regularly used with a low voltage thermostat 
to control the flow of hot water on gravity or forced circulation hot water heating 
plants. The power unit for this valve is of the capacitor type — ^type M204A for 
2-position service, type M904E for modulating service. An auxiliary switch can be 
supplied to control the operation of a second K208A valve or the primary control 
on a burner. Valve pattern is straight through, brass screwed. 



Type 


Voltaj^e & Frequency 


Motor TIminji 


Power 
C^onNUinption 


Mai. Presj^ 
Lbs. Sq. In. 


Max. Temp. 


Size 


Face to Face 


Helitht 
Overall 


Height AboTe 
Pipe Center 


K208A 

and 
K908A 


(External tranBformer furnishf^i) 
116 volt, 60 or 60 cycle standard. 
(Available for 230 volt, 60 or GO 
cycle at no extra cost). 116 or 230 
volt, 26 cycle at extrm coat. 


80 tec 
60 sec 

1 20 aec. 

240 wee. 


(K2()8) 
?2 watta 

(K908) 
16 watta 


20 


260' F. 



2* 
8* 
4* 
6' 

6* 


3* 

8^' 
4"V 
6V 
6»»V 


lOH^' 
11 V 

iPV 

18V 
14»V 


9«»V 

9**2' 

KJ^lZ' 
11«V 



SPECIAL FEATURES AVAILABLE (at extra aost) : 

Auxihary switch: Mercury switch type Q52B: One 
S.P.D.T. switch. Q62D: 2 S.P.D.T. switches. Electrical rat- 
ing 5 amps. 115 volts, 2V4 amps. 230 volts. 



WHEN ORDERING SPECIFY 

1. Type numbt' 

2. Size. 

3. Voltage and frequency. 

4. Special features required. 
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ELECTRIC CONTROLS 

SELF-CONTAINED VALVES — THERMOMETERS 



THE MODUSTAT* 

The Modustat is a self-contained radiator valve and affords modulating control 
for individual radiators on steam, vapor, or vapor vacuum systems. This control 
unit is suitable for use on two-pipe systems only, and is available for application on 
either exposed or concealed radiators. 

All Modustats are provided with both automatic and manual control ranges. 
Available with manual adjustment knob or tamper-proof key mechanism. 



0 

Type 


Dicripdon 


Range 


Maximum Operatinft Pressure 


Size 
(Both Types) 


Capacity 
(Sq. Ft. Radiation) 


V505A 


Ripd element for exposed radiation 


60 to 80^ F. standard 


10 lbs. per sq. in. 




80 


V506A 


Flexible element for concealed radiation 
(Flexible tubing length— 36* standard) 




0 100 


V 


120 



DIMENSIONS— Height. Gen element) 6'; width, 6"; depth, 2V^'. 



SPECIAL FEATURES AVAILABLE: 

Remote right angle or verti<^l adjustment handle at 
extra cost. Specify length from cap of Modustat to 
outside of cabinet. 

* Trade Mark 




WHEN ORDERING SPECIFY: 

1. Type number. 

2. Size. 

3. Special features required. 




SPECIFICATIONS 



MODEL , , , 

W59A Remote Bulb Thermometer— flexible element. 
W59B — Remote Bulb Thermometer— flexible element — 
copper protecting well for liquids. 

FINISH— Black Kristo-Krak. 

RANGE:— 30 to +180* F. only. 



TYPE W59 THERMOMETER 

This remote bulb thermometer is equipped with a universal mounting bracket 
which allows the face of the thermometer to point to the right, left or straight 
ahead, and also to point at any angle between vertical and horizontal. This desirable 
feature combined with the wide red non-freezing liquid column permits temperature 
reading from a distance of several feet. Adaptable to wall or duct mounting. 

The W59B, designed for insertion in water pipes or tanks, is similar to the 
W59A except it is equipped with a protecting copper well and it is not furnished 
with a mounting clip. 

ELEMENT— 5 ft. capillary tubing only. 
CAPSULE SIZE— 2%''xll/32\ 

DIMENSIONS— Height, 9" (scale length 6%"); width, 
2 11/32"; depth, 11/16". Depth with adjustable bracket 

WHEN ORDERING SPECIFY 
1. Type number. 



f 
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ELECTRIC CONTROLS 

RELAYS 




Magnetic relays are available for applications wherever it is desirable to 
amplify the switching capacity of a contr<)ller unit. Relays are available with either 
low or line voltage control circuits. Many types of contact arrangements are avail- 
able to allow complete coordination of these relays with other control units. 



SPECIFICATIONS 



Typ« 


Control Circuit 


LOAD CIRCUIT 


Cabinet Size 

(inches overall) 


No. 
of 
Poles 


Switching 
Action 


Relation 

to Supply 
Circuit 


Resistance Load 


Motor Load 


R12A 


Series 10 


2 


double throw 


seF>arate 


10 amps.-115 V. A C— 5 amp6-230 V. A.C. 


1 H.P. A.C. 


6 ^6 »4x3 7^ 


R14A 


Series 10 


1 j double throw 


separate 


10 amp8.-115 V. A.C— 5 amps.-230 V. A.C. 


1 H.P. A C 


7^^x9x5 


R15A (D.C.) 


Std. 2-wire line voltage 


1 1 single throw 


separate 


5 ampe.-115 V. D.C— 2 \^ ampe.-230 V. D.C. 


4 H.P. D.C 


6^4%x3V4 


R19A 


Series 10 


1 


single throw 


common 


10 amps.-llS V. A.C— 5 amp6.-230 V. A.C. 


1 H.P. A.C 


65^435^V4 


R19C 


Series !0 


I 


single throw 


common 


10 ampe-20 V. 




6%x4 3^3^ 


R39A 


Series 30 


1 


single throw 


common 


10 amps.-llS V. A.C— 5 amps.-230 V. A.C 


1 H.P. A.C. 


65^4%x3^ 


R48A 


Std. 2-wire line voltege 


1 


single throw 


separate 


10 ampe.-U5 V. A.C— 5 ampe.-230 V. A.C. 


1 H.P. A.C. 


6%x4%x3H 


R48B 


Std. 2-w1re line voltage 


1 


double throw 


separate 


10 amps.-llS V. A.C— 5 amps.-230 V. A.C 


1 HP. A.C 


65^4%x3H 


R48B (D C.) 


Std. 2-wire line voltage 


1 


double throw 


separate 


^ amp.-llS V. D.C— U amp.-230 V D C. 




65^4 3^3 V4 


R48C 


Std. 2-wlre line voltage 


2 


double throw 


separate 


10 ampe.-US V. A.C— 5 amp8.-230 V. A.C. 


I H.P. A.C 


65^4%x3V4 


R48C (D.C.) 


Std. 2-wire line voltage 


2 


double throw 


sepxarate 


^ amp.-llS V. D.C— W amp.-230 V. D.C 




6%x4%x34 


R88A 


Std. 2-wire low voltage 


1 


single throw 


separate 


10 ampe.-115 V. A.C— 5 ampe.-230 V. A.C. 


1 H.P. A.C 




R88B 


Std. 2-wlre low voltage 


1 


double throw 


separate 


10 amps.-llS V. A.C— 5 ampe.-230 V. A.C. 


1 H.P. A.C 


6i^x4%E3% 


R88C 


Std. 2-wlre low voltage 


2 


double throw 


separate 


10 amp6.-115 V. A.C— 5 amps.-230 V. A.C 


1 H.P. A.C. 


65fa43^Vi 


R92B 


Series 90 


I 


double throw 


separate 


10 amps.-llS V. A.C— 5 amp8.-230 V. A.C 


1 H.P. A.C 




R132A 


Series 10 


2 


single throw 


oommon 


10 amps.-llS V. A.C— 5 amps.-230 V. A.C. 


^ H.P. A.C 
(Each Contact) 




R182A 


Series 10-20-80 


1 


■ingle throw 


common 


10 amps.-llS V. A.C— 5 amps.-230 V. A C. 


1 H P. A C -115 v.- 
l»i> H P. A C 
230 V. 


5 U*4«i»x2^ 


R182B 


Series 10-20-80 


1 


double throw 


separate 


10 amps.-llS V. A.C— 5 amps. -230 V. A.C. 


1 H P. A C -115 v.- 
P j H P A C.. 

230 V. 


5'4x4»ux2 - 


R182C 


Series 10-20-80 


2 


double throw 


separate 


10 amps.-llS V. A.C— 5 amps -230 V. A C. 


1 H P. A C -115 V.- 
I'i H P A.C.- 
230 V. 


51h«4'hx2 


R927C 


Uaed only to control M904F motor. 

^ 











el: TRICAL rating— ah relays with Series 10 or 
other 3-wire Low voltage control circuits except R14B 
and R19C are provided with integrral transformers with 
115 volts, 60 cycle primary circuits. Relays for odd volt- 
ages and f uencies are available. 



CURRENT CONSUMPTION— R48 and R88: 7 volt amps 

WHEN ORDERING SPECIFY: 
1. Type number. 
2 \'oltage and frequency. 
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ELECTRIC CONTROLS 

WEATHERSTATS 




T14A Weatherstat 




WIOIA Control Panel 




Weatherstat Heater 
Control 



WEATHERSTAT CONTROL PACKAGES 

The Weatherstat Control System has an outside type of thermostat for use in con- 
trolling temperatures in buildings or zones that are large enough so that control trorn 
an inside thermostat is impractical. It is unique in that it reacts to all weather 
factors which affect heat losses from a building or zone. These factors are: 1. Uutsme 
Temperature; 2. Wind velocity; 3. Wind direction; and, 4. Solar Kadiation. 

The Weatherstat Control Systems are applicable to forced hot water, steam or 
vapor heating plants fired by stoker, oil or gas burner. 

Even temperature in the building or zone is maintained throughout all outdoor 
conditions because the Weatherstat meters steam or hot water m proportion to tne 

heat loss. ,, . , • • i. „j 

Simplicity of the system means reduced installation and wiring cost, ease of aa- 

justment^ and service-free operation. The operation of both the Weatherstat systems 

(Zone and Direct) will be greatly improved if the radiators are properly orificed. 

Or?fice plates are available on special order. Neither Weatherstat Control System is 

recommended for gravity type hot water heating system. 

Summer-Winter Hot Water Control can also be arranged, providing an ample 

supply of domestic hot water at constant temperature where required: — for full 

particulars consult the nearest Minneapolis-Honeywell Representative. Ho^tPr 
The listed Weatherstat Control Packages do not include a Weatherstat Heater 

Control, which varies according to the type of heating plant the system is to control, 

and therefore, must be ordered separately. 

WEATHERSTAT DIRECT CONTROL PACKAGES 

The Weatherstat Direct Control System is ideal for buildings too large to be 
satisfactorily controlled from an inside thermostat but small enough to be controlled 
as a single zone. For example, small apartment buildings, hotels, and clubs can all 
be heated more economically and with greater comfort under a Weatherstat Direct 

Control System. , .. , . -j 

This svstem substitutes the Weatherstat for the conventional '"Side thermostat 
to control the automatic firing device. Required for the system are the Weatherstat 
itself, a Control Panel housing all the necessary accessories, and a heater control 
to regulate the operation of the Weatherstat Heater. . i j i, 

The Series 10 Weatherstat is connected to the Weatherstat Panel and through the 
relays and the manual switch in the panel is connected directly to a Series 10 or 
Series 20 primary control. The primary control can be an oil burner relay, a gas 
vllve or stoker relay. The manual switch provides a positive "pff"^ continuous on , 
or places the Weatherstat in control of the primary control. The standard limit 
controls are used with the primary control, and their selection depends upon the 
type of burner which is used. 

THE WEATHERSTAT ZONE CONTROL SYSTEM 

The Weatherstat is verv adaptable as a zone control system. The building is 
zoned according to its heating zones, and each zone is controlled by its own weather- 
stat and steam valve system. . • u j „„ „ „o^f 

The same neat control panel used in the direct system is furnished as a part 
of each zone installation. This panel includes a line switch, "On-Off-Automatic 
manual switch, and a pilot light to show when the valve is open. 

Zone valves for the Weatherstat system are made up of three units— a motor, a 

linkage, and a valve body. , , . , , •ii.TiTJii.-_ 

These Weatherstat Zone Control Systems can be furnished with Modulating 
Control for large buildings. The Modulating Weatherstat Zone Control Systeni is 
usually part of a zoned system. Because of the fact that it is a continuous flow 
systeni, the steam supply will be throttled during mild conditions, and complete orific- 
itie of all radiators is necessary in order to insure proper distribution. This system 
provides for "on-off" or two position control during mild weather. 'On-oft control 
during mild weather insures proper steam distribution at those tinries \vhen most 
modulating systems have difficulty in properly distributing their heating effect, even 
when radiators are carefully orificed. 



SPECIFICATIONS 

Y155A CONTROL PACKAGE (T14A Weatherstat, and 
WIOIA Control Panel with Time Switch)— For use 
with steam, vapor or forced hot water heating systems; 
oil, gas or stoker fired. Provides for automatic night 
shutdoNTO and automatic morning pick-up. 115 or zdu 
volt, 60 cycle standard. 

Y155B CONTROL PACKAGE (T14A Weatherstat and 
WIOIB Control Panel)— For use with steam, vapor or 
forced hot water heating systems; oil, gas or stoker fired. 
Provides for manual night shutdown and manual morn- 
ing pickup. Will provide automatic night shutdown and 



morning pickup when used with R154 Timerelay on 
stoker jobs, 115 or 230 volt, 50-60 cycle standard. 

WHEN ORDERING SPECIFY 

1. Type of Weatherstat Heater Control; consult the near- 
est Minneapolis-HoneyAvell representative. 

2. Type of burner (stoker, oil or gas). 

3. Control package (Y155A or Y155B). Specify voltage 
and frequency. 

4. If primary burner controls are not furnished with the 
burner they can be ordered separately. 
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ELECTRIC CONTROLS 

STEP CONTROLLERS AND ACCESSORY EQUIPMENT 




SPECIFICATIONS 
MODELS 



MULTIPLE STEP CONTROLLER 

Mercury Switch Type 

r^Iercury Switch Type Step Controllers are available 
with 5 to 10 mercury switches in any desired combin- 
ation of S.P.S.T. and/or S.P.D.T. switching action. 
These controllers are built up in the desired combination 
complete on a panel with M904E Modutrol motor, but 
the motor must be specified separately. Likewise, if a 
cabinet for housing the controller is desired, it must be 
specified separately. 

Cut-in and cut-out points of each are separably 
adjustable to any point within the 160° rotation of 
motor shaft. The minimum differential between cut-in 
and cut-out points is 5 angular degrees of motor shaft 
rotation. 



S416A- 



S416F- 



-5 mercury switches in any desired combination 
of S.P.S.T. or S.P.D.T. switching (less motor 
and cabinet). 

10 mercury switches in any desired combination 
of S.P.S.T. or S.P.D.T. switching (less motor 
and cabinet). 



SWITCH RATINGS— 

S.P.S.T.— 10 amps. 115 volts, 5 amps. 230 volts; 1 H.P. 
A.C., % H.P.D.C. 

S.P.D.T— 8 amps. 115 volts, 4 amps. 230 volts; % H.P. 
A.C., 1/6 H.P.D.C. 

DIMENSIONS— 

Controller— Height, 8%"; length, 18"; width, Ihi". 
Cabinet (Q150A)— Height, 11"; length, 24"; depth, 8". 

WHEN ORDERING SPECIFY 

1. Type number. 

2. Switching action desired, that is, number of S.P.S.T. 
and S.P.D.T. switches. 

3. Voltage and frequency of transformer for M904E 
motor. 

4. Motor timing. 

5. Q150A cabinet, if desired. 

POTENTIOMETER TYPE CONTROLLER 

Type S906 potentiometer step controllers are 
available with potentiometers arranged for 
sequence or simultaneous operation of Series 90 
modulating equipment. When ordering specify 
sequence desired, timing of motor, and voltage 
and frequency. 



y 




FOUR STAGE STEP CONTROLLER 

Mercury Switch Type 

Consists of standard M904E motor equipped with one Q52C and one Q52D 
auxiliary switch. 

The cut-in and cut-out points of each switch can be set at any point within the 
160° angular travel of the motor with a minimum possible differential of 5 angular 
degrees l)etween cut-in and cut-out points. 

WHEN ORDERING SPECIFY (see Page 15). 

1. Type number of motor, timing, voltage and frequency. 

2. Type numbers of auxiliary switches. 



M-H CON-TAC-TOR MERCURY SWITCHES 




CM3 and HIM 
Mercury Swicchi 



The mercury switches used in M-H controls have 
long been recognized for their dependability. Pure, 
free-flowing mercury completes the circuit between 
sealed-in electrodes. The glass chamber is filled with a 
pure inert gas, eliminating any possibility of oxidized 
or dirty contacts. No moving parts but the mercury. 

Mercury switches have outstanding ability to handle 
heavy loads on direct current as indicated under D.C. 
ratings. We recommend them in lieu of open contact 
devices for all applications requiring direct control of 
D.C. motors. 

Mercury switch controls with adjustable differential 
must be properly leveled to secure correct operation. 
For details, see M-H installation and instruction sheets 
furnished with each control. 
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ELECTRIC CONTROLS 

TIME CONTROLLERS-SWITCHES 




TIME CONTROLLERS 

This line voltage timing device was designed primarily to control the operation 
of attic fans, store lights, or other electrical equipment where the current supply is 
to be turned off after some predetermined interval. 

The timer may be set to close the circuit for any period of time from one halt 
to eleven hours, merely by twisting the knob on the front of the timer until the 
desired time interval appears on the dial. A twist of the knob in the opposite direc- 
tion will turn off the current supply at any time, should this become necessary. A 
separate manual lever is included which may be used to manually tilt the mercury 
switch to the "on" position. The reverse acting model S403B is similar to the S403A 
except that it is arranged to open the circuit for a period Of from one half to 
eleven hours. 

The important features of this device include the well known Lon-iac-ior 
mercury switch, and facility for mounting so that either concealed or exposed 
wiring may be used. This latter feature makes the timer easily adaptable for use on 
either old or new installations. . . 

Mounts on standard switch outlet box. Has knockout for wire mould or similar 



Type 


Contact 


Timing Limits 


Electric Ratina 


S403A 


Makes for an adjustable period 


hour to 1 1 hours 


10 amps. — 115 volta 
5 amps —230 volts 
1 H.P.R.I.. H.P.S.P.. ^ H.P.D.C. 


S403B 


Opens for an adjustable period 


DIMENSIONS— Height, bh^"; 


width. 31*4'; depth. 3'. 

WHEN ORDERING 
1. Type number. 


SPECIFY 





TYPE 

S610A Da-Nite Time Switch. S.P.D.T. for low or line 
voltage loads. 

VOLTAGE AND FREQUENCY— 115 volt, 60 cycle stand- 
ard. Other A.C. voltages and frequencies available at 
extra cost. 



LECTRICAL RATING— 8 amps, at 115 volts 
230 volts; % H.P.R.I., 1/6 H.P.S.P. and D.C. 



DA-NITE TIME SWITCH 

This device is an electrically operated time switch designed to automatically 
**break" one circuit and **make" another at a predetermined time. 

The Time Switch finds many applications in the temperature control field. 
Warehouse systems, for example, can provide lowered night temperature or com- 
plete night shutdown. • . , . n i i- i . j- i 

Typical among its many other uses are control of lighting, flood hghts, displays 
and yard lighting. Many other types of electrical equipment requiring daily b.F.b. 1 . 
or S.P.D.T. switching action can be readily operated by the S610A. 

Distinctive features of the S610A include the synchronous self -starting 
Telechron motor, the well-known Con-Tac-Tor mercury switch, hinged coyer, 
simplified setting, ease of mounting and two separate conduit knockouts, ihis latter 
feature permits control of either low or line voltage loads. 

SWITCHING INTERVAL — (Time interval between switen- 
ing operations). Minimum, 1 hour; maximum, 23 hours. 
One complete switching cycle every 24 hours. 
FINISH— Black Kristo-Krak. 

CASE DIMENSIONS— Height, 6%"; width, 3^"; depth, 

WHEN ORDERING SPECIFY 

1. Model number. 

2. Voltage and frequency. 



\ 




No. 20348 



UNIT HEATER SWITCH 



A 3-position line-voltage utility switch designed for manual control of unit 
heaters. Affords a double-pole double-throw switching action, and is rated for 
10 amps, at 125 volts, 5 amps at 250 volts. Dimensions: height, 4 5/16", width. 
2 9/16", depth, 2". 
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ELECTRIC CONTROLS 

MANUAL AND UTILITY SWITCHES 





TOGGLE SWITCHES 
Line or Low Voltage 

20271— S.P.S.T., 12 amp. at 125 volts. 

20272— D.P.S.T., 12 amp. at 125 volts. 

20273— S.P.D.T., 6 amp. at 125 volts. 

20103A— D.P.D.T., 3 amp. at 110 volts, (illustrated). 
20104A — S.P.3T. — 6 amp. at 24 volts, (three-position). 
20105A-^ P.D.T.— 3 amp. at 110 volts, (rotary). 




20106- 

20108 
20129- 
2C130 
2(170 
2(1189 



INDICATING PLATES 
(Round— 2 "4 " Diameter) 
For Toggle Switches 

Three position, marked "auto," "open," "closed." 

Center position neutral, (illustrated). 

-Marked "on," "off." 

-Marked 'manual," "auto." 

■Marked "open," "closed." 

-Marked "Summer," "Winter." 

Marked "Day," "Night." 



For Potentiometer Switches 
20133— Graduated through 180% marked "open," "closed." 




(illus- 



POTENTIOMETER SWITCHES 
Low Voltage, 3-wire 

-One 135 ohm Potentiometer. 
-Two 135 ohm Potentiometers, gang. 
-Three 135 ohm Potentiometers, gang, 
trated). 

-One 25-300 ohm Rheostat (2-wire). 
The above switches are available with 3" leads — specify 
if required. 

Q34A— One 30112A Potentiometer and one 30111 (D.P. 
D.T.) Toggle mounted in surface box. (Illustrated below). 



301 12A 
20171A 
20172A 

201 73A 





SWITCH MOUNTINGS 
Surface Boxes with Cover 

4"x4''x2^''— Black Kristo-Krak. (Similar to Q34A box). 
35301C— Plain cover. 

35301D — Cover drilled for single switch. 
35301E — Box with six-screw terminal block and cover 

drilled for one switch. 

WALL PLATES AND ADAPTER 

Black Kristo Krak 
20136A— 4^"x2^4" for std. switch box. Drilled for single 

switch. 

20137B-^H''x6%'' for 3-gang switch box. Drilled for 

2 switches. 

20138B— Same as 20137B, except drilled for 3 switches. 




UTILITY SWITCHES 

The Utility Switch is a mechanically operated switching device tor the control 
of two or three wire line or low voltage electrical circuits — external lever arm 
projects \y^" . Two J^i" knockouts are provided. Tension spring on switch m(^rb- 
anism can be adjusted. 



Type 


L«Ycr Arm 


Action \N hen Arm 
Is Rained 


Switch 


riectric Ratlnfi 


('.onncctlons 


S4.SA 


r rn l«'ft Bid** of cAiM* 




CloM 






10 amps. — 11 R voiti 
h nmpfl. La 




S45B 


Project* from rifht tide of cmM 












Projects from lf»ft nid^ of cam 




Op*n 




T. 


1 H P S P.. 

»4 h:p.d ( 


Two ^* knorkoiita 




f>r<>j..<^ from right ^idr of 












CASfr DIMKNSIONS HHirht. 4'; midih. 4'; ri*p»h. 


2 




WHEN OKnEIMNG 


SPFCIFY: l.T 


r. 
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ELECTRIC CONTROLS 



TRANSFORMERS 



LEAKAGE TYPE TRANSFORM E 

For Mounting on 4-inch Outlet Box 
Open Secondary Connections 




1 Type 
1 Number 


Capacity 
in 

Volt Amps. 


Primary 
Voltage 

and Cycles 


Open 
Secondary 
Voltage 


Dimension 
Above 4' Outlet 
Box Corer 


Q76A1K 


14 


115-60 


25 




1 Q76A1L 


14 


230-60 


25 




Q76A1M 


14 


115-26 


25 


4" 


Q76A1B 


14 


230-25 


25 


A" 


Q76A1S 


14 


115-50 


25 


31^-' 



Shipping 
Weight 



2.5^ 



2.5/ 



3.8/ 



8.81 



3/ 



MASTER TRANSFORMERS 

Power type transformers of high capacity are available 
on order for all voltages and frequencies. These are sup- 
plied with taps for 20, 24 and 28 volts; legs on case for 
mounting; conduit connections for primary and secondary. 

WHEN ORDERING SPECIFY 

1. Primary voltage and frequency. 

2. Capacity required in volt-amperes. 



Q77A1K 



Q77A1L 



Q77A1M 



Q77A1B 



for 50% power factor. 



27 


115-60 


25 


4' 


3.8/ 


27 


230-60 


25 


A" 


3.8/ 


27 


115-26 


25 


5" 


5.5/ 


27 


230-25 


26 


6* 


5.5/ 



Capacities shown are for 1007o power factor; reduce Capacity by 40% 

for 50% power factor. 

WHEN ORDERING SPECIFY 

1. Type number. 2. Primary voltage and frequency. 



For Mounting on 4-inch Outlet Box. 
Open Secondary Connections. 



POWER TYPE TRANSFORMERS 

For Surface Mounting. Open Secondary Connections. 

Three Ampere Fuse in Secondary 



Type 
Number 


Capacity 

in 

Volt Amps. 


Primary 
Voltage 
and Cycles 


Open 
Secondary 
Voltage 


Dimension 
Above 4' OuUet 
Box Cover 


Shipping 
Weight 


Q71A1K 


20 


115-60 


20 


2^' 


2.6/ 


Q71A1L 


20 


230-60 


20 


2V6' 


2.6/ 


Q71A1M 


20 


115-25 


20 


8' 


8.6/ 


Q71A1B 


20 


230-26 


20 


3" 


3.6/ 


Q72A1K 


40 


115-60 


26 


234' 


2.5/ 


Q72A1L 


40 


230-60 


25 


2V 


2.6/ 


Q73A1M 


40 


116-25 


26 


6' 


6/ 


Q73A1B 


40 


230-25 


25 


6' 


6/ 



Type 
Number 


Capacity 
in 

Volt Amps. 


Primary 
Voltage 
and Cycles 


Open 
Secondary 
Voltage 


Overall Height 


Shipping 
Weight 


Q72B2K 


40 


115-60 


25 


3* 


2.5/ 


Q72B2L 


40 


230-60 


26 


3' 


2.5/ 


Q73B2M 


40 


115-26 


25 


8V 


6.5/ 


Q73B2B 


40 


230-26 


26 


8V 


6.6/ 



For Mounting on 4-inch Outlet Box. Conduit Secondary 

Connections With Leads 



For Mounting on 4.inch Outlet Box. Open Secondary Con 

nections. 3 Ampere Fuse in Secondary. 



Type 
Number 


Capacity 

in 

Volt Amps 


Primary 
Voltage 
and Cycles 


Open 
Secondary 
Voltage 


Dimension 
Above A' Outlet 
Box Cover 


Shipping 
Weight 


Q72B1K 


40 


116-60 


25 


2-^4" 


2.5/ 


Q72B1L 


40 


230-60 


26 


2V 


2.6/ 


Q73B1M 


40 


116-26 


26 


6' 


6.5/ 


Q73B1B 


40 


230-26 


26 


6* 


5.5/ 


Q74B1K 


60 


116-60 


18. 20. 24 




8.8/ 


BIL 


60 


230-60 


18. 20. 24 




8.8/ 


Q74B1M 


50 


116-26 


18. 20. 24 




6/ 


Q74B1B 


60 


280-26 


18. 20, 24 


614' 


6/ 



Type 
Number 


Capacity 

in 

Volt Amps. 


Primary 
Voltage 

and Cycles 


Open 

Secondary 
Voltage 


Dimension 
Above 4' Outlet 
Box Cover 


Shipping 
Weight 


Q71A3K 


20 


115-60 


20 




2.5/ 


Q71A3L 


20 


230-60 


20 


2^' 


2.5/ 


Q71A3M 


20 


115-25 


20 


8* 


3.5/ 


Q71A3B 


20 


230-25 


20 


8* 


3.5/ 


Q72A3K 


40 


115-60 


25 


2V 


2.5/ 


Q72A3L 


40 


230-60 


25 




2.5/ 


Q73A3M 


40 


115-25 


25 


6' 


5.5/ 


Q73A3B 


40 


230-25 


25 


6'' 


6.6/ 


Q74A1K 


100 


116-60 


18. 20. 24 




3.8/ 


Q74A1L 


100 


230-60 


18, 20. 24 




3.8/ 


Q74A1M 


100 


116-25 


18. 20. 24 


6" 


6/ 


Q74A1B 


100 


230-25 


18. 20. 24 


6" 


6/ 



WHEN ORDERING SPECIFY 

1. Type number. 

2. Primary voltage and frequency. 



MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 
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REFRIGERATION CONTROLS 



•m-H SNAP SWITCH PRESSURE CONTROLS 




P420B 




Use of Cold Control on 
Cut-out 




AdjuNtment shield In place 



LOW PRESSURE CONTROL 

Use the P420 to operate 
refrigeration equipment 
from suction pressure. 
Adaptable to all systems 
using non-corrosive refrig- 
erant. Three-point mount- 
ing ensures accuracy. 

Standard features in- 
clude: Tamperproof 
shield for adjustment 
dials; Cold control for 
limited change of either 
cut-out or cut-in; Capil- 
lary pressureconnection ; 
Extra reverse acting 
terminal. 

For cases, coolers or walk- 
in boxes, apply lever to cut- 
out adjustment. Setting of 

^\ ^ --Z^ cut-in then remains undis- 

X( l}\ turbed to ensure defrosting. 
^ ^ For water or beverage 

coolers, lever may be applied 
to cut-in adjustment. Set- 
ting of cut-out then remains 
undisturbed to prevent 
freeze-up. 

Reverse acting terminal closes on pressure fall. Useful 
to control compressor bypass valves, two speed motors, 
to ground low voltage ignition circuits or for alarm 
circuits. 

Complete instructions & specifications, M-H Form 95-1124. 
RANGE— 22* vac. to 66#. 

DIFFERENTIAL — 7#— Cut-in and cut-out are separately adjustable. 

ELECTRICAL R ATING— A.C.— H.P. @ 115 V., 1 H.P. @ 230V.. 

1 amp. @ 440-560V. 
D.C.— 1.6 amp. @' 32V., .2 amp. % 116V., 
.1 amp. fe. 230V. 

P420B (Direct reading Scales). Wt. 13^ lbs. 



HIGH PRESSURE CUTOUT 

For high pressure cut- 
out duty on all non-cor- 
rosive refrigerant systems, 
use the P422A or P422B. 
Three-point mounting en- 
sures accuracy. 

Standard features in- 
clude: Capillary pressure 
connection; Extra reverse 
acting terminal for 
alarm circuit or low volt- 
age ignition control; 
Fully adjustable range; 
Adjustable recycling 
time. 

Complete LntttructionN & specif icationa. M-H Form 95-1126. 

RANGE— 100^ to 240#. Differential 26# to ibi. Both adjuilable. 

ELECTRICAL RATING— A.C.—^ H.P. 116V., 1 H.P. % 230V.. 

1 amp. ^ 440-660V. 
D.C.— 1.6amp ^ 82V., .2 amp. @ 116V., 
.1 amp. at 280V. 

P422A — Wt iH lbs. 

P422B — ^With Manual R«Mt) Wt. 1 4 Iba. 




P422A 




Semi-universal Mounting Brackets 
For P420, P421 or P422. 

No. d4244A for vertical mounting 
using 4 bolU on IJ^'xSi^' centers or 
2 bolts on ^M' to centers. In- 
clu 3 screws to mount control on 
bracket. 

No. 32928A for mounting using 4 
holes spaced 3 Vi'x2T<e' to 3 M', or to 
replace L413, L414. P400 or P401 
controls. Includes 3 screws to attach 
S392SA control to bracket. 



.M244A 





P421B 




Use of Cold Control on 
Cut-out 



DUAL HIGH AND LOW PRESSURE 

CONTROL 

Use the P421 when cut- 
out from excessive head 
pressure is required in addi- 
tion to operation of refrig- 
eration equipment from 
suction pressure. Adaptable 
to all systems using non- 
corrosive refrigerants. 
Three-point mounting en- 
sures accuracy. 

Standard features in- 
clude: Tamperproof 
shield for adjustment 
dials; Cold control for 
limited change of either 
cut-out or cut-in; Capil- 
lary pressure connec- 
tions; Extra terminal for 
reverse action; Adjust- 
able recycling time for 
high-pressure cutout. 

For cases, coolers or walk- 
in boxes, apply lever to 
cut-out adjustment. Setting 
of cut-in then remains un- 
disturbed to ensure defrost- 
ing of coils. 

For water or beverage coolers, lever may be applied 
to cut-in adjustment. Setting of cut-out then remains 
undisturbed to prevent freeze-up. 

Reverse acting terminal useful to ground low voltage 
ignition systems or for alarm circuits. 

Complete Instructions Sc specifications, M-H Form 95-1 125. 

RANGE— Low side-22' vmc. to 65#. 

High side, adjusUble-100^ to 240#. Differential 2bf to 46#. 

DIFFERENTIAL— 7#— Cut-in and cut-out separately adjusUble. 

ELECTRICAL R ATING— A.C.— >4 H.P. @ 115V.. 1 H.P. ^ 280V.. 

1 amp. @ 440>550V. 
D.C.— 1.5 amp. @ 82V.. .2 aipp. ^ 116V., 
.1 amp. 280V. 

P421B . .(Direct reading Scales). Wt. 2# 




Adjustment shield in place 



H 



0 




MANUAL START-STOP ASSEMBLY 

Replaces standard cover 
on P420 or P421 to provide 
manual start or stop, or 
both. Can be added on exist- 
ing installations. Useful for 
manual start on milk or bev- 
erage coolers, or for manual 
stop on systems used inter- 
Q66A mittently. 

Complete instructions & specifications, M-H Form 95-1244. 
066 A Wt. Vi lb. 

COLD LOCATION RECYCLER 

For use with P420 or P421. 

For use with P420 or 
P421 Pressure Controls to 
start compressor when 
located in a low ambient 
temperature that sometimes 
prevents cutting in from 
suction pressure. In ex- 
tremely cold locations a 
small electrical heater (not 
furnished) mounted inside 
control increases speed of 
operation. Can be used with W66A Relay or with 
W90A. Is easily added to existing installations. 
Bimetal element operates switch of P420 or P421. 

rx>mplete instructions St sp«cl/lcarlons. M-ll Form 95-I1S4. 
Q89A Wt. 1/4 lb. 




0S9A 
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REFRIGERATION CONTROLS 
m-H POLARTRON' SYSTEM ACCESSORIES 
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27 



SIMULTANEOUS ADJUSTMENT ATTACHMENT 





The Q155 installed on the 
P420 or P421 permits the 
user of refrigeration equip- 
ment to easily readjust the 
pressure control to operate 
at widely different temper- 
atures. 

Such readjustment re- 
quires that the cut-out pres- 
sure setting be changed less 
than the cut-in pressure set- 
ting in order to reduce the 



operating differential at the lower temperature. For 
the first time this is possible with the Q155 because 
of the unique separate adjustment feature of the 
P420 and P421. 

Where special conditions require the Q155 may be 
adjusted to affect the cut-in and cut-out pressure 
equal amounts in the conventional manner. 

Complete Inttructions and specificarions M-H Form 97-741 

RANGE — Change* cut-in setting up to a maximum of 20 lbs. Adjust- 
able to change cut-out setting up to a maximum of either 
20 lbs., 16 lbs. or 13 lbs. 

0155A wt. 14 lb. 



POLARTRON SYSTEM RELAY 



Use with P420 or P421 and Remote Thermostat. 

Add a W55 Relay con- 
trolled by a Frigistat in the 
main fixture to a P420 or 
P421 on any "above freez- 
ing" system. 

Relay operates switch in 
P420 or P421 Pressure 
Si Control. Can be added to 

new controls or to controls 
already on existing installa- 
tions. 

**Polartron System of 
Frost-Free Constant Cold" 

^. — Provides accurate regu- 

of fixture tempera- 
ture at all times and assures 
positive defrosting of the 
cooling coils each cycle. 




W55A 




W55A Relay 
Schematic Dlai^am 



Adjustments for week- 
end, holiday, and seasonal 
changes are entirely elimin- 
ated as the Polartron sys- 
tem automatically responds 
to changing loads, producing constant temperature and 
humidity with improved efficiency. 

The schematic diagram above shows simplicity of 
adding W55A Relay on P420 or P421 Pressure Control 
controlled by a fixture thermostat. 

Complete Instructions & specifications, M-H Form 95-1157 



W55A 

W55A- 



. .(115-230V., 50-60 cycles). Wt. 1 lb. 

(116-230V., 25 cycles) Wt. 1 lb. 

Specify voltage and frequency. 



POLARTRON SYSTEM TEMPERATURE 

CONTROLLER 



The W90A is a remote 
bulb temperature controller 
which, when mounted on a 
P420 or P421 Pressure Con- 
trol, provides the M-H 'Tol- 
artron System of Frost-Free 
Constant Cold". 

Install a W90A on any 
"above freezing" system 
with temperature bulb 
placed in the fixture for 
better control with com- 
pletely automatic defrost- 
ing. Cold control dial is in- 
corporated in this unit. 

The W90A Temperature 
Controller has no electrical 
contacts of its own — a lever 
operated by the bellows 
opens the switch of the pres- 
sure control at all times 
when the temperature in 
the fixture is sufficiently low. 
It is designed for applica- 
tions w^here the complete 
Polartron system unit can 
be mounted close enough so 
that the temperature ele- 
ment will reach the fixture. 




W90A Mounted 
on Polartron 



Complete Instructions &. specifications, M-H Form 95-1288. 
RANGE — 30-60'*, inside adjustment. External cold control— 6**. 

W90A— wt. lib. 

8' Capillary standard at above prices. 



m-H HEAVY DUTY, MERCURY SWITCH PRESSURE CONTROLS 




I 



LOW-PRESSURE & DUAL-PRESSURE 

CONTROLS 

The L414 employs a 
heavy-duty mercury type 
switch for operation of the 
refrigeration equipment 
from suction pressure. 
Switching action is provided 
by two pools of mercury 
which flow together, thus 
accounting for the ability 
of this switch to handle 
extremely heavy loads. For 
use on non-corrosive 
refrigerants only. Has direct 
reading range and differen- 
tial scales. Differential adds to the cut-out or range 
setting. Pressure connection is l^' S.A.E. with fiare 
nut furnished. 




L414A 



The L413A is the same as L414A except with high 
pressure cut-out. 

RANGE— Low Side— 22" vac. to 36#. (2^ to 50/ at extra cost). 
HUh Side— 150 to ISO/, 185 to 220/. Adjustable. 

DIFFERENTIAL— Low Side— Maximum 25/ to 80/. Minimum 3/. 

Hi^h Side— 30 and 50/, respectively. Not ad- 
justable. 

ELECTRICAL RATING— A.C.—l H.P. ® 115V., 2 H.P. @ 230V. 

D.C.— 3/4 H.P. @ 115V., 1 H.P @ 230V. 

L413A— .Hl(Ui Pressure Cut-Out. 

L414A Wt. 3V4 lbs. 

L414B ..(With Reverse Acting Switch) Wt. 8»4 lbs. 

L414A 



L414B 



2-50/ range, specify if needed. Wt. 8 14 lbs. 



Complete Instructions & specifications. M-H Form 95-1205. 
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▲ Trad* Mark. 



Sec. 1 
28 



REFRIGERATION CONTROLS 



*m-H SNAP SWITCH TEMPERATURE CONTROLLERS 




L480B 



TEMPERATURE CONTROLLER 

Use the L480 to operate 
refrigeration equipment 
from temperature wherever 
a remote-bulb device is 
required. Provided with a 
single-turn, direct-reading 
adjustment dial. Three- 
point mounting ensures 
accuracy. 

Standard features in- 
clude: Tamperproof 
shield for adjustment 
dial; Cold control; In- 
ternal differential ad- 
justment; Extra term- 
inal for reverse action. 

Use the tamperproof 
shield wherever the cus- 
tomer must be prevented 
from adjusting the control. 
Use the cold control lever 
where seasonal adjustment 
is required — as for example, 
on beverage coolers. The 
reverse-acting terminal 




Use of Cold Control Lever 




Adjustment shield in place 





L481B 




Use of Cold CoDCrol Lever 



closes on temperature fall and is useful to control com- 
pressor bypass valves, two-speed motors, to ground low- 
voltage ignition circuits or for alarm circuits. 

Complete instructions & specifications. M-H Form 95-1244. 

RANGES— %'x4' bulb -50° to -10** F.. -20* to +20'' F.. -10* to -f 40* 

F.. 0° to 50° F.. 30° to 70° F., and 65° to 95° F. 
(Specify which). 

DIFFERENTIAL— 3° to 12° P.. AdjuaUble 

ELECn^RICAL R ATING— A.C.— H.P. @ 115V., 1 H.P. ® 230V., 

1 amp, ^ 440-550V. 
D.C.— 1.6 amp. 32V. .2 amp. @ 115V. 
.1 amp. (a. 230V. 

L480B (Direct Reading Scale). Wt. Wa lbs. 

fWith milk cooler bulb »»Vx] 

I /flQAf) ] 14 4*: ranicea 30-70 or 65- ( ttt^ , \hn 
I.480B| 95 2„|y sl^^fy ^.^en de- P^^- ^ 

V sired. I 
6' Capillary standard at above prices. 

MANUAL START-STOP ASSEMBLY 

Replaces standard cover 
on L480 or L481 to provide 
manual start or stop, or 
both. Can be added on exist- 
ing installations. Useful for 
manual start on milk or 
beverage coolers, or for 
manual stop on systems 
UBed intermittently. 

(-omplele Instructions & speclfica tlonM. M-li Form 95-1266. 

066A — \vt. Vi lb. 



DUAL TEMPERATURE AND HIGH 
PRESSURE CONTROLLER 

Use the L481 when cut- 
out from excessive head 
pressure is required, in addi- 
tion to operation of refrig- 
eration equipment from 
temperature, as measured 
by a remote bulb. Adaptable 
to all systems using non- 
corrosive refrigerants. 
Three-point mounting 
ensures accuracy. 

Standard features in- 
clude: Tamperproof 
cover for adjustment 
dials;Cold control ; Capil- 
lary pressure connection ; 
Extra terminal for reverse 
action; Adjustable recy- 
cling time for high-pres- 
sure cutout. 

Use the tamperproof 
shield where customers must 
Adjustment shield in place be prevented from adjust- 
ing control, or use cold control lever where a limited 
adjustment is required, such as seasonal adjustment of 
beverage coolers. Reverse-acting terminal is useful for 
grounding low-voltage ignition circuits or for alarm 
circuits. 

Complete instructions & specifications, M-M Form 95-1245. 

RANGES— Temperature bulb) -50*» to -10° F.. -20° to -h20° 

F.. -10° to -I- 40° F., 0° to 50° F., 30° to 70° F.. and 
65° to 95° F. (Specify which) 
HPCO— 100-240* adjustable. 

DIFFERENTIAL— 3° to 12° F., adjustable. 

HPCO— 25-45# adjustable. 
ELECTRICAL RATING— A.C.— ^4 H.P. 115V.. 1 H.P. ^ 230V.. 

1 amp. @ 440-650V. 
D.C.— 1.6 amp. & 32V., .2 amp. 0 116V.. 
.1 amp. @ 2S0V. 

L481B (Direct Reading Scale). Wt. 2 lbs. 




L481B 



Milk cooler bulb "^'xU^' 
ranges 30-70 or 66-96 only, 
specify if needed. 

6' Capillary standard at above prices. 



Wt.2 1ba. 




Semi-universal Mounting Brackets 

For L480 or L481. 

No. 34244A for vertical mounting 
using 4 bolts on IJ^'xSVg' centers or 
2 bolts on 2)4' to S^i^ centers. In- 
cludes 3 screws to mount control on 
bracket . 

No. 32928A for mounting using 4 
holes spaced Syi'x2l{^' to 3H\ or to 
replace T413, T414. L426 or L427 
controls. Includes 3 screws to attach 
32928A control to bracket. 



34244A 




THE M-H TYPE 0S611 CON-TAC-TOR SNAP SWITCH 




08411 

Snap Switch 




All Snap Switch Temperature and Pr«tiure Con- 
trols employ the ^^Gll Con-Tac-Tor Snap Switch. 
i'ro<luced after years of retearch, t^ switches operate 



by a toggle mechanism and do not require magnets. 
Hence they will operate in any position and can be used 
where vibration cannot be avoidr ' 

The initial pressure on the contacts is immediately 
increased as the switch operates to < ^ ctively prevent 
contact bounce, thereby preventing ar g and contact 
deterioration. Together with complete elimination of 
vanishing contact pressure, this action assures long life. 

In case of accidontal damage, these switches can be 
easily replaced v.itnout the necessity of recalibrating 
the controls. 

Three switch models are available. Sold for replace- 
ment only. 

QS611A— Used in TA420 

QS611B— Used in L480, L481 and P422A 

QS611C— Used in P420, P421 and P4 3. 
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m-H LIGHT DUTY, MERCURY SWITCH TEMPERATURE CONTROLLERS 




TEMPERATURE CONTROLLER 

Contains a mercury 
switch to provide 2-wlre 
line voltage switching for 
operation of the refrigerat- 
ing machine. Designed for 
controlling temperatures in 
rooms, freezer cabinets, dis- 
play cases, liquid coolers, 
and the like where a room 
type thermostat is not prac- 

L426A tical. 

External lugs provide con- 
venient 3-point mounting to ensure leveling and easy 
installation. Has direct reading scale on side showing 
both Fahrenheit and Centigrade. 

Complete Instructions & specifications, M-H Form 95-1206. 

RANGES 60** to -H20° F. %*'x4' bulb, or -20^ F. to -|-50° F. ^"xA" 

bulb standard. 16^ to 90" F. >lie'xl4V^' bulb; -80*» to 
-10° F., or -130** to -70** F.. ^'xi" bulb at extra cost. 
(Specify which). 

DIFFtRENTIAL— 8** F. to 20*' F. adjustable. 

SPECIAL FEATURES AVAILABLE: 

Special Mercury Switch with narrow fixed differential in KanKes 
-K6 to -1-90*' F., -130° to -70° F., and -80 to -10° F. Rating 1/12 
H.P.R.L. 1/20 H.P.S.P. and D.C Add $2.00 List Extra 

ELECTRICAL RATING— A.C.—^ H.P. @ 115-230V. 

D.C— H.P. @ 115-230V. 

L426A — wt. 31/4 lbs. 

L426A With milk cooler bulb »»Vxl4^': 16-90° 

range only. Wt. 8 M lbs. 

I Ajf, \ -80 to -10 and -130 to -70 ranges. 

^^^^'^ Wt. 3 14 lbs. 
5' Capillary standard at above prices. 




WIDE RANGE TEMPERATURE 

CONTROLLER 

This controller is similar 
to the L426 Refrigeration 
Temperature Controller, 
but the main scale is divided 
into two parts to obtain its 
unusually wide range. 

The switch is single pole, 
double throw, making it 
possible to use the control 
on either heating and cool- 
ing applications or on both. 

Useful for control of low and high temperature test 
cabinets, laboratory boxes and altitude chambers. 

Complete instructions & specifications, M-H Form 95-1328 

RANGES 100 to +50° F. or -|-40 to -1-210'' F., standard (specify 

which). Equivalent Centigrade ranges marked on same 
scale plate. 

DIFFERENTIAL— 2 V^** at mid-scale, non-adjustable. 

ELECTRICAL RATING— 1 Amp at 116 V., ^ Amp at 230 V. 

1/20 H.P.R.I.. 1/20 H.P.S.P. or 116 or 
280 V. A.C. 



L626B 



L626 



Range -100 to -hSO** F. (Bulb 4*x h^') 
Wt. 3 14 lbs. 



L626B Range -f-40to -K210'»F. (BulbU'x'i/U'). 

Wt. 3 14 lbs, 

5' Capillary standard at above prices. 



3.WIRE TEMPERATURE CONTROLLER 

CONTACTS CLOSE SIMULTANEOUSLY 

Contains a 3-wire line 
voltage mercury switch 
which closes three contacts 
simultaneously on rise in 
temperature. Designed for 
use where two or more ther- 
mostats start the same com- 
pressor and at the same time 
open individual liquid 
valves or for any similar 
application. 

External lugs provide for convenient 3-point mount- 
ing to ensure leveling and easy installation. Has direct 




L426B 



reading scale on side of case showing both °F. and °C. 

Complete instructions &. specifications, M-H Form 95-1206. 

RAJVGES 50** F. to -1-20° F., %'x4'' bulb, or -20'' F. to +50'' F.. 

^"xV bulb, standard. 16^ to 90^ F., I'/^^xU^* bulb 
at extra co«t. (Specify which). 

DIFFERENTIAL— 3** F. to 20' F., adjustable. 

ELECTRICAL RATING— (Each circuit). 

A.C— 1/12 H.P. @ 115-280V.. 4 amps. @ 20V., 2^ amps. @ 

115V., 1 »4 amps. @ 220V. 
D.C— 1/20 H.P. @ 115-220V.. 4 amps. @ 20V.. 2^ amps. @ 
116V.. 114 «mps. @ 220V. 

L426B — Wt. 3V4 lbs. 

L 426B (With milk cooler bulb. »>Vxl4 Mi"; 16-90*» 

F. range only. Wt. Shi lbs. 

6' Capillary standard at above price. 



m-H HEAVY DUTY, MERCURY SWITCH TEMPERATURE CONTROLLERS 



TEMPERATURE CONTROLLER 

Contains a heavy duty 
mercury switch to provide 
2-wire line voltage switch- 
ing for operation of the 
refrigerating machine 
Designed for direct control 
of temperature in larger 
sized rooms, freezer cabin- 
ets, display cases, liquid 
coolers and the like where 
a room type thermostat is 
not practical. 

External lugs provide for convenient 3-point mount- 
ing to ensure leveling and easy installation. Has scale 
plate on side marked Low and High and calibrated 
at midpoint of scale. 

Complete instructions & specifications. M-H Form 95-1201. 
RANGE 




T414A 




T614A 



-60** to 4-10** F., %*x4' bulb or -lO** F. to -hBO** F.. 
Wxi' bulb standard. 16 to 90*> F.. ^^^'xlAW bulb 
at extra cost. (Specify which). 
DIFFERENTIAL— 8 to 13** F., adjusUble. 

ELECTRICAL RATING— A.C— 1 V^j H.P. @ 116V.. 2 H.P. & 230V. 

D.C— % H.P. @ 116V., 1 H.P. S 280V. 

T414A — Wt. sv^ibt. 

T414A (With milk cooler bulb ^^{^'xUh^'; l6-90<» 

ran^e only). Wt. 8 lbs. 

T414A Special switch for h^"* non-adjustable difTer- 

ential— 1 amp. 230V., 2 araps. @ 115V. 
A.C. or D.C. — (Specify when needed). Add 

6' Capillary standard at above prices. 



S.P.D.T. TEMPERATURE CONTROLLER 

Contains a 3-wire line 
voltage heavy duty mercury 
switch for Single Pole 
Double Throw switching 
action. Designed for opera- 
tion of valves with sepa- 
rate opening and closing 
coils, two speed motor con- 
trol, alarm circuit use, etc. 
Can be used for either line 
or low voltage applications 
where a room type thermo- 
stat is not practical. 
External lugs provide Jor 3-point mounting to insure 
leveling and easy installation. Has scale plate on side 
marked Low, High, and calibrated at mid-point of scale. 

Complete instructions & specifications, M-H Form 95-1201. 

RANGES 60** F. to -f- 10° P., %''xA'' bulb or -10° F. to -f-60** F.. 

h^'xA' bulb sUndard, 16 to 90° F., n^^xlAMi' bulb 
at extra cost. (Specify which). 

DIFFERENTIAL— 2^° F. to 18* F.. adjustable. 

ELECTRICAL RATING— A.C— 1/8 H.P. @ 116-280V. 

D.C— 1/6 H.P. & 116-280V. 

T614A Wt. lbs. 

T614 A (With milk cooler bulb ^^y^'xlA hi"; 16-90« 

range only). Wt. 8 lbs. 

6' Capillary standard at above prices. 
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REFRIGERATION CONTROLS 



*m-H WALL TYPE THERMOSTATS 




TA420A 



HEAVY DUTY FRIGISTAT^ 

WITH SNAP ACTING SWITCH 

A new horizontal type, 
snap acting, heavy duty 
thermostat for room tem- 
perature control of refriger- 
ating machines. New hori- 
zontal style permits greater 
circulation of air around the 
sensitive vapor filled bel- 
lows. Modern, attractive 
cover has easy to read ther- 
mometer and harmonizing 
window for reading scale setting. 

Knob for adjusting scale setting can be detached and 
used as key for locking cover to prevent unauthorized 
tampering or setting. Switch has extra reverse acting 
contact, for control of capacity reduction valves, 
alarms or similar uses. 

Standard mounting plate facilitates wiring and instal- 
lation on ^'roughed in" horizontal box. 

Can be used in the Polartron System of control. 

Complete Instructions & specifications, M-H Form 95-1235. 

RANGE: 35* F. to 65° F. standard. Optional 25° F. to 55° F. or 55° F. 

to 85° F. and centigrade equivalent* at no extra cost. 
Specify which if other than standard. 

DIFFERENTIAL: 1° to 4° F.. adjuatable. 

ELECTRICAL RATING— A.C.— 34 H.P. ^ 115V., 1 ^ H.P. @ 230V. 

10 amp«. ^ 115-230V. for comniercial 
refrigeration. On comfort cooling, load 
should be reduced to one-half to pro- 
duce comfortable differential. 
D.C.— .1 amp. ^ 230V.. .2 arape. 1 15V^ 
1.5 ampa. @ 32V.. 2 ampa. ^ 24V. 

TA420A — wt. u/i lbs. 



LIGHT DUTY, SNAP ACTING, COOLING 

THERMOSTAT 

A light duty, snap-acting, 
cooling thermostat designed 
for line or low voltage use. 
Has bimetal element and 
open contacts for S.P.S.T. 
switching action. Is not 
affected by variations in 
altitude. Temperature set- 
ting lever moves on a grad- 
uated scale plate at bottom 
of control. Standard model 
not equipped with ther- 
T44C mometer. 

Complete Instructions & specif lea t Ions, M-li Form 95-1134. 
RANGE: 29" to 61** F. , . 

DIFFERENTIAL: 1 Vi** to 6*» F., adjustable. 




ELECTRICAL RATING— A.C.— 5 amps. ^ 115V.. 2 '2 amps, (g* 

280V. »4 H.P. % 115-230V. 
D.C. — 15 volt amperes. 

Wt. >4 lb. 
T44C — wu \ lb. 

(With two magnets (or transporiaiion work). 




T420A 



FRIGISTAT ^MERCURY SWITCH TYPE 

Long accepted for use 
primarily as room type ther- 
mostats, these Frigistats are 
equipped with vapor filled 
bellows and mercury 
switches designed for a 
variety of functions. Can 
be used in line or low volt- 
age circuits for pilot duty 
to control refrigerating 
machines in meat boxes, 
florist cabinets, walk-in 
boxes, etc. All parts are plated to protect them from 
corrosion. 

Can be used in the Polartron System. 

Complete instructions & specifications. M-H Form 95-1135. 

RANGE: 30^ F. to 65° F. Centigrade equivalent at no extra co«t. 
DIFFERENTIAL— Approximately 3** F. 

ELECTRICAL RATING— A.C.— 2 amps. ® 115V., 1 amp. ^ 230V. 

D.C. Same ampere rating. 

Note: For 3 contact switches the combined load, if more than one is 
controlled should not exceed the ratings given above. 

HT/fl A (2-wire switch, makes contact on 
1 4^UA temperature rise). Wt. 1 Ib«. 

T420C: — Wt. 1 ^ lbs. 

(3 contact switch, makes contact on temperature rise). 

T420D — Wt, IH lbs. 

(3 contact iwitch, makes contact on temperature fall). 

T420E— Wt. mibs, 

(S contacts close in sequence on temperature rise). 



HEAVY DUTY AIRSWITCH^ 

A heavy duty, bimetal 
actuated, mercury switch 
type thermostat for cooling. 
Used widely in storehouses, 
lockers, cooler rooms, flor- 
ists cabinets, factories and 
for general space cooling. 
Operating point is not 
aflfected by variations in 
altitude. 

Has lugs for convenient 
3-point mounting on a wall 
or panel surface. Temperature setting is easily made on 
front of control and can be locked when desired. 

Complete Instructions & specifications. M-H Form 95-1087. 
RANGE: 16*» to 95** F. standard. -10 to -h70° F. at extra cost. 
DIFFERENTIAL: 8* to 8^ F., adjustable. 

ELECTRICAL RATING— A.C.--8 ampa. @ 115V.. 4 amps. @ 280V. 

1/8 H.P. @ 115-230V. 
D.C— 8 amps. 115V., 4 ampa. % 2S0V. 
1/6 H.P. ^ 115-230V 

Wt. 3 Iba. 




T491A 



T44C 



T491A— 

T491A — wt. 2lba 

(Special 

T491C — Wt.2lba. .... 



-10* F. to -h70* F.). 
16-95^. 

-10 -1-70*. 

T691A — Wt.2lba. 

(Has S.P.D.T. Switch ratwl ^ H.P.A.C.). 
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MINNEAPOLIS-HONEYWELL Offers 



Far reaching basic improvements m pneumatic control equipment have 
been achieved by Minneapolis-Honeywell engineers. These improvements 
provide control results far superior to anything previously possible with air 
operated controls. 

Consider carefully the following points of superiority. 




not an ordinary thermostat 



• APPEARANCE- 



The Gradustat expresses modern architectural 
feeling — the product of Henry Dreyfus, a leading 
exponent of structural and product design. 



for the free flow of air over the low-mass, super- 
sensitive bellows, because there is no restriction to 
the flow of air except the griU work in the cover. 
This free flow of air makes the Gradustat extremely 
sensitive to rapid changes in temperature. 



• GREATER EFFICIENCY 



The Gradustat is a non-leak type of thermostat. 
It has no leakport, and therefore uses air only when 
it is changing the position of an air motor or valve. 
This reduces the quantity of air required and, there- 
fore, the power required to produce air pressure, 
by at least 30%. 



• TRUE GRADUATION 



In the Gradustat, there is a straight line relation 
between temperature at the thermostat and the air 
pressure in the branch Hne between zero pounds 
and 15 pounds, which means perfect graduation, as 
compared to a leak type thermostat, where the 
relation of temperature to branch Une pressure takes 
the form of an S-curve. 



• GREATER SENSITIVITY 



The horizontal mounting of the Gradustat provides 



* Trade Mark 
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The Gradutrol System differs from conventional pneumatic systems through 
the use of a small pneumatic relay for positive positioning of damper motors 
and valves. 



• OPERATION- 

The operation of the Gradutrol System is extremely 
simple. A small diaphragm within the motor relay 
is influenced by the air pressure in the branch Hne 
to the thermostat. This diaphragm is balanced by a 
spring which is operated by the motor arm or valve 
stem. Position of the motor determines spring tension. 
Double ports within the relay control the feeding or 
bleeding of air to and from the motor. When a 
change in pressure at the thermostat takes place, 
sufficient air is fed to or bled from the motor to cause 
it to assume a new position, air from the main hne 
being available at 15 lbs. pressure. 

In the conventional pneumatic system the air pres- 
sure in the motor is the same as the air pressure in the 
branch thermostat line. It is thus a variable pressure 
depending upon the demand of the thermostat. This 
variable pressure estabhshed by the thermostat is 
balanced by the motor spring and load. Variation 
in this pressure requires new loadings rather than 
new definite positions. 

With the Gradutrol System a definite pressure 
estabhshed by the thermostat requires that the motor 
assume a very definite position. The motor is capable 
of producing full power in either direction in order to 
assume the position called for by the thermostat. 
Pressures in the motor from zero to 15 lbs. are avail 
able at all times, depending upon the force required 
or the motor to assume its proper position. 



• TRUE GRADUATION- 

means accurate positionirig. The uneven action 
and the drift in position with changing load, fre- 
quently found on conventional pneumatic systems, is 
entirely eliminated thru the definite positioning of the 
Gradutrol Motor. 

• INFINITE POSITIONS- 

mean hair line control. Sticky valves and jumpy 
motors — an inherent result of friction in the conven- 
tional pneumatic system — are impossible in the 
Gradutrol System. The number of positions which 
may be assumed by the valves or dampers is Umitless 
between fuU open and full closed with the Gradutrol 
System. 

• INSTANT POWER - 

means definite movement for the smallest 
control impulse. For even a sUght change of as 
Httle as V2 of 1% of the total range, the Gradutrol 
Motor will produce the maximum power that the 
motor or valve can atteiin. This feature is of particular 
importance when the control valve or damper is just 
starting to open as it is then that friction or pressure 
will ordinarily prevent proper positioning. 

• SIMPLE CONSTRUCTION- 

means low cost and easy installation. The 

Gradutrol Relay may be installed on any MH pneu- 
matic control valve or damper motor whether on 
new control installations or on equipment already in 
service. The simpHcity of this remarkable device 
makes it possible for every installation to enjoy the 
advantages it offers at a very nominal difference in 
cost 
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PNEUMATIC CONTROLS 



THERMOSTATS 




ROOM GRAD-U-STATS* 

Pneumatic Gradustats are non-bleed type, actuated by vapor filled bellows and 
are graduate acting with an adjustable throttling range. A very simple adjustment 
permits changeover from a direct to a reverse acting instrument. Their horizontal 
construction allows free flow of air over the sensitive bellows and yet provides 
ample protection against tampering and dust. 

TYPES 

T0900A — Two pipe, Single temperature Grad-U-Stat for heating or cooling. 

T0900B— Two pipe, Da-Nite Grad-U-Stat for use with a remote switch to provide 

lowered night, holiday, or week-end temperatures. 

T0900G- -Three pipe, Submaster, cooling Grad-U-Stat for compensated control. Room 

temperature may be automatically raised from 5 to 15 degrees above nor- 
mal with rising outdoor temperature. 

T0900D— Two pipe, Summer-Winter Grad-U-Stat. Direct acting in winter, reverse 

acting in summer. Separate adjustments for summer and winter setting, 
(changeover by changing main pressure). 



SPECIFICATIONS 

SCALE RANGES— T0900A: 35 to 65% 60 to 85% and 70 
to 95' F. T0900B: 60 to 85* F. T0900C: 60 to 85* and 
70 to 95* F. T0900D: 65 to 85* F. 

PRESSURE RANGE— T0900A and C: 0 to 15 lbs. air 
pressure, T0900B and D: 0 to 13 lbs. and 0 to 17 lbs. 

THROTTLING RANGE— Adjustable from 3 to 10* F. for 
direct acting; 3 to 6* F. for reverse acting. 

SCALE MARKINGS— Every 2 degrees. 

TYPE OF MOUNTING — Standard Flush mounting in 
wall. Special: For surface mounting. 

ADJUSTMENT MEANS— Key type standard. External 
knob available. 

COVER— Locking type. 

THERMOMETER— Available with or without. 

FINISH — Standard: Silver bronze. Special: Available at 
extra cost. 

* Trade Mark 



OVERALL DIMENSIONS — Grad-U-Stat: Height, 3"; 

width, 478"; depth, 1%". Wallbox: Height, 2%"; width, 

4%"; depth, 3". 
FITTINGS — Flexible connectors in wall box or copper 

tubing in surface box. Copper tubing in wall box at 

extra cost. 

SPECIAL FEATURES (at extra cost): 
External adjusting knob. Heavy Duty Guard. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Scale range. 

3. Adjustment means — key or external knob. 

4. Finish. 

5. With or without thermometer. 

6. Special features required. 

Note: Order fittings separately. 




ROOM GRAD-U-THERM* 

The pneumatic Grad-U-Therm is a bleed type, bimetal actuated, graduate 
room thermostat which incorporates the requirements of the typical pneumatic 
room thermostat. 

TYPES 

T0901A — Two pipe, single temperature, direct acting. 
T0901B — Like T0901A except reverse acting. 



SCALE RANGE— 55 to 85" F. only. 
PRESSURE RANGE— 0 to 15 lbs. 
THROTTLING RANGE-^" non-adjustable. 
TYPE OF MOUNTING— Flush wall. 

ADJUSTMENT— External dial with concealed locking 
device. 



FINISH— Standard: Silver Bronze. 

DIMENSIONS— Height, iYs"; width, IH"; depth, l%r 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. #13108 fittings for new construction. 

3. Complete details if for replacement. 



* Trade Mark. 




MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 



Sec. 1 
34 

PNEUMATIC CONTROLS 

THERMOSTATS 




INSERTION GRAD-U-STAT* 

The Insertion Grad-U-Stat is a non-bleed type remote bulb controller for duct 
mounting. They are similar to and contain all the features of room type Grad- 
U-Stats, but are actuated by a bellows connected to a vapor filled capillary tubing 
and bulb. 



TYPES 

L0900A 
L0900B 



-Two pipe, Single temperature Grad-U-Stat for heating or cooling. 
-Three pipe, Submaster, cooling Grad-U-Stat for compensated control. Duct 
temperature may be automatically raised from 5 to 15 degrees above nor- 
mal with rising outdoor temperature. 
L0900C — Two pipe, Summer-Winter Grad-U-Stat. Direct acting in winter, reverse 

acting in summer. Separate adjustments for siunmer and winter settings, 
(changeover by changing main pressure). 



to 
60 

air 

for 



SPECIFICATIONS 

SCALE RANGES— L0900A: 10 to 40% 35 to 65% 60 
85% 70 to 95% and 80 to 120' F. L0900B: 35 to 65% 
to 85° and 70 to 95** F. L0900C: 65 to 85* F. 

PRESSURE RANGES— L0900A and B: 0 to 15 lbs. 
pressure. L0900C: 0 to 13 lbs. and 0 to 17 lbs. 

THROTTLING RANGE— Adjustable from 3" to 15* 
direct acting; 3° to 10° for reverse acting. 

SCALE MARKINGS— Every 2 degrees. 

TYPE OF MOUNTING— Standard: Surface mounting. 
Special: Flush mounting. 

ADJUSTMENT MEANS — Standard: External knob. 
Special: Key type. 

COVER — Locking type. 

FINISH — Standard: Silver bronze. 

OPERATING ELEMENT— Vapor filled capsule, tubing 
and bellows. 

ELEMENT— Standard: 5 ft. Special 10 ft. 
* Trade Mark 



CAPSULE MATERIAI^Copper. 

CAPSULE SIZE — in diameter by approximately 
12%" in length for standard range. (60*'-86* F.) 

PRESSURE FITTINGS— pipe size. 

DIMENSIONS— Grad-U-SUt: Height, 3"; width, 4%"; 
depth, 1%\ Mounting Box: Height, 3%"; width, 5'; 
depth, 1 15/16". 

FITTINGS — Copper tubing inside mounting box. Box 
tapped for %" pipe. Brass unions provided. 

SPECIAL FEATURES AVAILABLE— 

Separable wells: Copper, mild steel, stainless steel and 
monel. 

Wall box for flush mounting (#1362 Fittings) (Same 

as Room Thermostat). 

Mild Steel Capsule (at extra cost). 

WHEN ORDERING SPECIFY: 

1. Type number. 4. Finish. 

2. Scale range. 5. Special features required. 

3. Adjustment means. 6. Element length. 



.A' 





Type L092 

SPECIFICATIONS 
RANGE AND DIFFERENTIAL- 



INSERTION THERMOSTATS 

Pneumatic Insertion Thermostats are graduate acting instruments for duct 
mounting, employing a sensitive rod and tube element. They may also be immersed 
in liquids when provided with proper wells. 
TYPES 

L092C — Graduate direct acting, one-pipe. 
L092D — Graduate reverse acting, one-pipe. 

-Graduate, direct actine, two-pipe. Master type, used as compensator in 

pneumatic compensated control system. 
-Same as L0901A except reverse acting. 

-Graduate direct acting, three-pipe (two-pipe control). Submaster type used 
as controller in pneumatic compensated system. May be adjusted to raise 
control point 25 to 150*. 
-Same as L0902A except reverse acting. 



L0901A- 

L0901B 
L0902A 



L0902B 



TYPE 


TFMPERATIRK RANGE 


THRO TNG 

RANCi 


L092 


20 to 180* F. and 120 to 280** F. 


3* F 


L090I 


-20 to 120* F. 


16 to 76* F. 


LtM2 


-20 to 120* F. 


6 to 20* F. 



PRESSURE RANGE: 0 to 15 lbs. 

SPECIAL RANGES AVAILABLE— L092C and D: —40* 
to +120' F., at extra cost. 



OPERATING ELEMENT— Rod and tube. 

ADJUSTMENT MEANS— L092: External knob, L0901 
and L0902: Inside cover. 

MOUNTING MEANS— male pipe thread 

ELEMENT LENGTH— 14% " 

DIMENSIONS— L092: Height, 4%"; width, Shi"; depth. 
3W L0901: Height, 4%"; width, 2"; depth. 3". L0902: 
Height. 5%"; width. 4"; depth 2%\ 

WHEN ORDERING SPEaFY: 
1. Type number. 2. Range. 
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PNEUMATIC CONTROLS 

THERMOSTATS 



REMOTE BULB TEMPERATURE CONTROLLER 

L097A Temperature Controllers are air-operated remote bulb instruments 
designed to provide throttling control of either direct or reverse acting motors, 
valves, relays, etc. 

A change-over link provides a simple means for changing the Controller from 
a direct acting type to a reverse acting type or vice versa as required. 

TYPE 

L097A Temperature Controller — Throttling type, one pipe, direct or reverse acting, 
remote bulb controller. 

SPECIFICATIONS 
TEMPERATURE RANGE— 0 to 70 




, 60 to 100% 65 to 
140% i05 to 220% 160 to 280% 240 to 385% 370 to 530% 
510 to 700'' F. (Equivalent centigrade ranges shown on 
same scale). 

THROTTLING RANGE— Adjustable 1% to 10% of tem- 
perature range. 

OPERATING ELEMENT— Vapor filled bellows, tubing 
and bulb. 

CAPILLARY TUBING — 5 ft. smooth O.D. capillary 
tubing standard. Copper standard for ranges up to 385* 
F., monel standard for higher ranges up to 700** F. 
Available in lengths up to 30 ft., with copper, mild steel 
or monel capillary tubing and bulb on special order at 
extra cost. Armored tubing may also be furnished (at 
extra cost. 

BULB— Copper standard for ranges up to 385* F., monel 
standard for higher ranges up to 700* P. (Available m 
monel or mild steel on special order at extra cost). Sizes 
14%''xll/16'' for ranges 0 to 70* F., 60 to 100* F. and 
65 to 140* F. 4''x%'' for higher ranges up to 700* F. 



PRESSURE FITTINGS— %" pipe size for ranges 0 to 70" 
F., 60 to 100* F. and 65 to 140* F., hi" pipe size for 
higher ranges. 

STANDARD FITTINGS— "T" restriction, restriction 

key, and %" union. 
CASE MOUNTING— Surface only. 

CASE DIMENSIONS— Height, 7"; width, 5"; depth 3%\ 

ADJUSTMENT MEANS— External knob on top of case 
for setting control point. External slotted screw for 
setting throttling range. 

SPECIAL FEATURES AVAILABLE: 

External slotted screw for setting control point. 
Separable Wells — Copper, mild steel, st. steel and monel. 
Filter, reducing valve and air supply gauge. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range. 

3. Tubing length and material, also whether plain capil- 
lary or armored tubing is required. 

4. Special features required. 




DIFFERENTIAL THERMOSTAT 

The differential thermostat reacts to a change in the difference in temperature 
between two points rather than in a change at a particular temperature setting. 
Thus it is used as a controller for maintaining a constant differential temperature 
in a wide variety of applications. 
TYPE 

L0903A — Graduate, one pipe, direct or reverse acting. 



SPECIFICATIONS 

RANGE OF DIFFERENCE IN TEMPERATURE TO BE 

MAINTAINED: 2 to 40". 
THROTTLING RANGE: 1 to 6*. 

OPERATING ELEMENT— two opposed vapor filled bel- 
lows with remote bulbs and tubing. 

TUBING — Standard: 5 ft. copper. Special 10 ft., 20 ft. 

BULBS— 11/16" Diameter; Length 12%'' for 5 and 10 ft. 
17J^" for 20 ft. copper. 

SCALE — Blank — to be marked as desired. 

MOUNTING — Lugs on back of case. 



ADJUSTMENT— Screws on top of case. 
CONNECTION— female pipe. 
DIMENSIONS— Height 8^", width, \ depth, 3". 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Difference in temperature to be maintained. 

3. Maximum and minimum temperature to which control 
may be subjected. 

4. Element lengths. 

5. Application details. 



AIRSTREAM THERMOSTATS 

The Airstream Insertion Thermostat is an air-operated low limit controller for 
mounting directly in the discharge from a unit ventilator. 
TYPES 

L093A — Graduate, one-pipe, direct acting. 

SPECIFICATIONS ADJUSTMENT MEANS— Knurled knob. 

THROTTLING RANGE-6- F., non-adjustable. SJS:^5^^J^^S^^^^^^ "^^^^^^ 

PRESSURE RANGE: 0 to 15 lbs. WHEN ORDERING SPECIFY: 

OPERATING ELEMENT— Brass tube and 18*' invar rod. 1. Type number. 

RANGE: 40"* to 150** F. 2- ^"^^ Ventilator and type number. 
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PNEUMATIC CONTROLS 

HUMIDITY AND PRESSURE CONTROLS 



ROOM HUMID-U-STATS* 

Humid-U-Stats, pneumatic humidity controllers, are actuated by human hair 
elements, the most sensitive element known for this purpose. In addition, they are 
equipped with temperature compensators to insure accurate control regardless of 
temperature changes. The wide adjustable throttling range makes it possible to use 
this Humid-U-Stat as a master control. 

TYPES 

H0900A — Graduate one-pipe direct acting. 
H0900B — Graduate one-pipe reverse acting. 




SPECIFICATIONS 

RANGE: 20 to 80% R.H. 

THROTTLING RANGE— Adjustable 1 to 30%. 
PRESSURE RANGE: 0 to 15 lbs. 
SCALE MARKING: 20 , 50, 80. 

MOUNTING — Flush mounting standard; surface mount- 
ing available. 

ADJUSTMENT MEANS— Removable key standard; 

Special: external knob. 
COVER— Locking type. 

FINISH — Silver bronze standard; Special finishes avaU- 

able at extra cost. 
OPERATING ELEMENT— Human hair. 
* Trade Mark 



DIMENSIONS— Humid-U-Stat: Height, 3"; width, 4%"; 
depth, Wall box: Height, 2%"; width, 4%*'; depth, 

3". 

FITTINGS — Flexible connectors in wall box or copper 
tubing in surface box. Copper tubing in wall box at 
extra cost. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Key or knob adjustment. 

3. Finish. 

4. Flush or surface mounting. 

5. Fittings. 



INSERTION TYPE HUMIDITY CONTROLLERS 

Air-operated Insertion Type Humidity Controllers may be used where it is 
impossible to find a satisfactory location for a wall mounted type unit. These 
controls employ a Buckeye wooden strip as the humidity sensitive element. 




TYPES 
H094A- 
H094B- 

H097A- 
H097B- 
H098A- 



SPECIFICATIONS 

RANGE AND DIFFERENTIAL— 



TYPE 


HUMIDITY 
RANGE ^ 


THROriLING 
RANGE 


H094 


25-907© 


3% 


H097 


26-90% 


6-25% 


H098 


25-90% 


4-36% 



SCALE MARKINGS— 57c intervals. 
PRESSURE RANGE— 0 to 16 lbs. 



-Graduate, direct, one-pipe. 

-Same as H094A except reverse acting. 

-Master direct acting, one-pipe. 

Same as H097A except reverse acting. 

-Submaster, reverse acting. An increase in auxiliary bellows pressure raises 
control point 10% to 30 7r. 

OPERATING ELEMENT— Buckeye wooden strip. 

ELEMENT DIMENSIONS— Length, 6^4"; height, 2^4"; 
width %\ 

ADJUSTMENT MEANS— Adjusting screw. 
DIMENSIONS— Height, 4"; width, 3%"; depth, 2\ 

WHEN ORDERING SPECIFY: 

1 . Type number. 



STATIC PRESSURE REGULATOR 

The Pneumatic Static Pressure Regulator is a gradual acting type controller 
for maintaining a constant static pressure in supply ducts, combustion chambers, 
etc. It may be used to control pneumatic motor units operating dampers, valves, 
etc. 

TYPES 

P0900A — Graduate, direct or reverse, one-pipe. 




SPECIFICATIONS 

RANGE AND DIFFERENTIAL^Range, 0 to 2" preih 
sure and 0 to 2" vacuum; differential adjustable, .075 
to .76* of water column. Special relay available for 
higher pressures. 

PRESSURE RANGE— 0 to 16 lbs. 

ADJUSTMENT MEANS— Spring. 



DIMENSIONS— Height, 7"; width, 12%"; depth, 6%". 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Outdoor duct head assembly if required. 



MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 



Sec. 1 

37 




PNEUMATIC CONTROLS 

MOTORS — PRESSURE CONTROLS 

PRESSURE CONTROLLER 

Pneumatic Pressure Controllers are pressure actuated pneumatic devices which 
vary the branch line air pressure as the pressure in the control bellows changes. 
These controllers can be used wherever it is necessary to control pneumatic 
equipment from pressure. Furnished complete with fittings. 

TYPE 

P097A — One-pipe, gradual acting, for either direct or reverse operation. Pressure 

in branch line increases from 0 to 15 lbs. with lever set at "direct" as pres- 
sure of medium under control increases. 



SPECIFICATIONS 

RANGE AND DIFFERENTIAL— 



TEMPERATliRF RANGK | 


THROTTIJNG RANGE 


22 in. vac — 35 lbs. 


1 in. vac — 3.5 lbs. 


0—16 oz. 




0—15 lbs. 


.1 — 1.5 lbs. 


2— 60 lbs. 


.4 — 4 lbs. 


5— 150 lbs. 


.9 — 6.5 lbs 


10 — 300 lbs. 


2.5 — 12 lbs. 



ADJUSTMENT MEANS— Knurled knob. 
TYPE OF MOUNTING — Mounting lugs on case. 
DIMENSIONS— Height, 7"; width, 5"; depth, S%\ 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Range. 






SPECIFICATIONS 

RANGE OF DIFFERENCE IN PRESSURE TO BE 

MAINTAINED: 0 to 22 lbs. 
THROTTLING RAiNGE: 8 ozs. to 26 ozs. 
OPERATING ELEMENTS— Two opposed bellows. 
SCALE — Blank — To be marked as desired. 
MOUNTING— Lugs on back of case. 
ADJUSTMENT— Screws on top of case. 



DIFFERENTIAL PRESSURETROL 

The differential pressure controller reacts to changes in the difference in 
pressure as measured at two points, rather than operating at a specific pressure 
setting. It finds wide application, therefore, as a diflferential pressure controller 
or as an alarm in detecting extremes in differential pressures. 

TYPE 

P0903A — Graduate one pipe, direct or reverse acting. 

CONNECTION— female pipe. 
DIMENSIONS— Height, 8^"; width, 91/4"; depth, 3". 
MAXIMUM BELLOWS PRESSURE— 85 lbs. per square 
inch. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Difference in pressure to be maintained. 

3. Complete application details. 




DAMPER MOTORS 

The Pneumatic Metaphram Motor may be used to position either valves or 

dampers in response to demands of an air-operated controller. These irotorb are 
operated by Metaphrams which are constructed of **Admirality** brass. Me 



M052A 

M052B 

M052C 

M052D 

M0513 

M0514 



SPECIFICATIONS 
PRESSURE RANGE— 0-15 lbs. 

DAMPER RATING— 



METAPHRAM 
SIZE 


GRADUATE ACTION 


POSITIVE OR 
GRADUTROL ACTION 




2 sq. (t. 


2 sq. ft. 




6 Bq. ft. 


6 sq. ft. 


T 


12 sq. ft. 


15 sq. ft. 


10' 


20 sq. ft. 


24 sq. ft. 



perated by Metaphrams which are constructed of **Admirality** brass. Metaphrams 
are assembled in sections and may be individually replaced. 
TYPES 

4" size — For Louvre or Mixing Dampers. 
5%" size — For Louvre or Mixing Dampers. 
7" size — For Louvre or Mixing Dampers. 
10" size — For Louvre or Mixing Dampers. 
Gradutrol Unit Ventilator Motor. 
Non-Gradutrol Unit Ventilator Motor. 

Note: When used in combination with the Gradutrol 
Relay the positive action ratings also apply for graduate 
action. 

MOUNTING— Internal and external brackets and linkages 
for every type of service. 

Adiustable spring device available for types M052C, 
and M052D. 
WHEN ORDERING SPECIFY: 

1. Type number. 

2. Type of mounting. 

3. Type of damper to be operated. 

4. For Unit Ventilators, give mfgr. name, model number 
and application including cycle. 
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PNEUMATIC CONTROLS 

PNEUMATIC VALVES — MOTORS 



THE GRAD-U-MOTOR 

The Grad-U-Motor is a neatly designed compactly built power unit for posi- 
tioning dampers. The power unit consists of a composition bellows constructed 
especially to provide long service. 

Adjustable stops limit the maximum and minimum travel of the motor. 

TYPE 

M0900A Grad-U-Motor — For positive positioning of dampers. (3" size). 
M0900B Grad-U-Motor— For positive positioning of dampers. (3 13/16" size). 
M0900C Grad-U-Motor — For positive positioning of dampers. (6" size). 

SPECIFICATIONS 

DAMPER RATING AND MOTOR STROKE 

AIR CONNECTION— iron pipe size. 




Type 


Damp 
in 


er Rating 
Sq. Ft. 


Force o 
in 


f Stroke 
Lbs. 


Adjustable 
Stroke 
Length 


Graduate 


Positive 
or Gradutrol 


At either 
end 


At 
center 


M 0900 A 


4 


5 


8 


23 


2" Max. 


M0900B 


8 


10 


9 4 


28 


2%' Max. 


M0900C 


40 


48 


42 


1121^ 


2" to 4" Max. 



OPERATING RANGE— 3 to 13 lbs. 



MOUNTING MEANS— Universal bracket. 
FINISH— Grey enamel. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. (a) With or without bracket and linkage, (b) For 
normally open or normally closed type damper, (c) For 
mounting inside or outside duct. 




Pneumatic Control Valves are available for application on heating and cooling 
coils in ventilating and air-conditioning systems. Metaphram power units arc 
combined with globe type valve bodies to provide either gradual or positive action. 

All valves may be obtained with the Gradutrol relay to provide positive positioning. 



SPECIFICATIONS 



TYPE 
O. 


TOP SIZE 


SEAT 


V033A 


4* — Standard 


Single 


V053B 


7" — Standard 


Single 


V053B 


7*— Oversiie 


Single 


V053C 


10*— SUndard 


Single 


V053C 


10' — Oversire 


Single 


V053E 


4*— SUndard 


Single 


V053F 


1' — Oversize 


Single 


V054A 


4' — Standard 


Double 


VOMB 


4*— Standard 


Double 


V054C 


7'— Statidard 


Double 


V054D 


7'— SUndard 


Double 


V054E 


10'— SUndard 


Double 


V054F 


10'— Standard 


Double 


V055A 


4'— SUndard 


Three-Way 


V055B 


T — SUndard 


Three-Way 


V055B 


T — Overaise 


Three-Way 


V055C 


10'— SUndard 


Three -Way 


V055C 




Three-Way 



VALVE SIZE 



2\ 2 8* 



\% 1'. 1 \k\ 1 4' 



4'. 6'. 6- 



2\ 2 Vi\ V 



W. V, l\ 1 hi' 



V. I'. 1 1 h^'. 2" 



yi\ w w 1 1 ^\ 2' 



yi\ V. IMViMV^', 2' 



2 8' 



2 Mj'. 3' 



4', 6', 6'. 8'. 10*. 12' 



4'. 6', 6'. 8', 10'. 12' 



V. \', W 1 1 V. 2- 



2 v. 8' 



W W 1 14'. 1 W. 2' 



4'. 6'. 6' 



2 H'. 8' 



♦ACTI ON 



Direct 



Direct 



Direct 



Direct 



Direct 



Reverse 



Reverse 



Direct 



Reverse 



Direct 



Reverse 



Direct 



Reveras 



(;f'n)FS— V-port throttling guides on all V054, all V0B3 

up to 3" inclusive, and V053 valves above 3" with 
H# and 12# springs. Plain guides on V053 valves over 
h 5# springs. Quick opening guides also avail- 
able on valves. 



* Direct acting valves are normally open. 
Reverse acting valves are normally closed. 

Straight through body valves available for all types. 

V053A, B, C— 



Sizes to 3" — screwed bronze body. 
Sizes 2" to 3^ — screwed iron body. 
Sizes 4" to 6" — flanged iron body. 

Flanged type also available in smaller sizes on special 
order. 

Valve bodies 2" and smaller are of bronze; larger sizes are 
of iron. Bronze trim is standard. Stainless steel trim (and 
iron bodies in smaller sizes) are available at extra cost. 

SPRING RANGE— Standard springs available so that 
valves close at 6, 8, or 12 lbs. air pressure. 

MAXIMUM PRESSURE RATING— See Sec. 8, page 21. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Valve pattern. 

3. Valve size. 

4. Gradutrol relay if required (order separately). 

5. Spring range. 

6. Medium to be controlled. 

7. Temperature and pressure of medium under control. 
NOTE: Order companion flanges separately. 
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PNEUMATIC CONTROLS 

PNEUMATIC VALVES 



SPECIFICATIONS 



THE GRAD-U-TROL VALVES 

The Grad-U-Trol Valve consists of a composition bellows power unit position- 
ing the valve stem thru a linkage which provides characterized flow control. 

The Grad-U-Trol Valve includes a built-in Grad-U-Trol Relay which provides 
for positive positioning of the valve and for sequence operation when required. 
It may be used as a normally open or normally closed valve by a simple change 
which can be made in the field. 

An external indicator shows the position of the valve. 



TYPE 


KO<)OOA 


K0901A 


* 


V to 3' 


V to 3 


Pattern 


Single seated, screwed 


Double seated, Screwed 


Guides 


Characterized V Port 


Characterized V Port 


Body 
Material 


Bronze Body 
and trim all sizes 


lA* to 2" Bronze body and trim 
2^" to 3* Iron body-bronze trim 


Disc 


Single Composition 


Double bronze 


Air Pressure 


0-15^ 


0-15# 



♦Flanged type available on special order. 



OPERATING RANGE — Adjustable 3 to 10 lbs. above 
starting point. Starting point adjustable 3 to 8 lbs. 

MAXIMUM PRESSURE RATING— See Sec. 8, page 21. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Valve size. 

3. Medium to be controlled. 

4. Temperature and pressure of medium under control. 




UNIT VENTILATOR VALVES 

Unit Ventilator Valves of special construction provide full operation in 
response to a variation of a few pounds in branch line pressure. 

TYPES 

V056A — Direct acting or normally open. 



SPECIFICATIONS 

PIPE SIZES— %^ r, 1%", 2". 

VALVE PATTERN — Angle or straight through, single 

seated, screwed 
SPRING RANGES— 3 to 8 lbs., 6 to 11 lbs., 2 to 12 lbs., 

or 8 to 12 lbs. 
AIR CONNECTION— pipe tap. 



CAPACITY— Use 80% of values shown for V053 in Sec. 8, 
page 21. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Size. 

3. Steam pressure. 

4. Valve pattern. 

5. Spring range. 




I 




SPECIFICATIONS 

FINISH— Silver Bronze. 



RADIATOR VALVES 

Pneumatic Radiator Valves are available in sizes up to 2 inches. Metaphram 
power units are mounted integrally with globe type valve bodies. These valves may 
be used for gradual or positive action service, and are normally open, or direct- 
acting. Valves with 10 lb. springs are equipped with V-port skirts. 

TYPES 

V0500A — Valve made up of 4" Metaphrams. 

V052B — Valve made up of 3" metaphrams available only for and 1". 

WHEN ORDERING SPECIFY: 

l.Type number. 2. Size. 3. Steam pressure. 

4. Valve pattern. 5. Spring range. 



PIPE SIZES— H", %^ 1", IH', 2". 

VALVE PATTERN— Angle or straight through. 

SPRING RANGE— 3 to 10 lbs. for graduate action of 
direct radiation. 1 to 4 lbs. for positive action of direct 
radiation with unit ventilators. 



V ALVE SIZE 


PRLSbUKL RATINGS 


4i Valve Sprina 


101 Valve Spring 


V052B, Single Seated, 3" Tops 
^o" Screwed 
Screwed 
1* Screwed 


50 
36 
18 


48 

18 

9 
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PNEUMATIC CONTROLS 

ACCESSORIES 




L404H 





T 





R047 



R048 



R049 



RELAYS 

Various types of Pneumatic Relays are necessary to transfer the effect of a 
controller, to switch from a pneumatic to an electric impulse, to switch from an 
electric to a pneumatic impulse, etc. Pneumatic Relays provide all these functions. 

TYPES 

L404H — Pneumatic Electric Relay. SPDT Switch operates on pressure change of 

lYz lbs. min. to 12^^ lbs. max. Electric Rating 10 Amps., 115/60; 5 Amps., 
230/60; 1 H.P. A.C. 

R047A — Special Electric Pneumatic Relay for use with unit ventilators. 

R048A — Diverting Relay. May be used as stop and waste relay to stop supply line 
and bleed branch line on either an increase or decrease in pressure on 
diaphragm, or as a diverting relay to divert the flow of air from one line to 
either of two other lines on a rise or fall in pressure on the diaphragm. 

R048B — Diverting Relay. Used with two graduate controllers so that the controller 
with the highest or lowest branch pressure will be given control of the 
controlled device. 



R049A 



R094A 



Positive Pneumatic Relay. Admits air to branch line on an increase in pres- 
sure, releases air on a decrease. Adjustable to operate at any pressure be- 
tween 4 and 17 lbs. Differential 2 lbs. non-adjustable. May also be used as 
a diverting relay. 

-Gradutrol Relay. For application to damper motors. Provides for infinite 
and accurate positioning of dampers. Maximum power of motor is immedi- 
ately available to produce true graduate action of damper. 



R094B — Gradutrol Relay. Same as R094A except for application to control valves. 

R095A — Grad-U-Relay, direct acting. Maintains pressure in secondary line equal to 
that in thermostat branch line. 

R095B — Grad-U-Relay, reverse acting. Reduces pressure in secondary line propor- 
tionately as pressure increases in thermostat branch line. 

R095C — Branch line pressure to controlled device is average of branch line pressure 
from two controllers. 

R095D — Pressure relief valve to bleed main down to 13H# when main pressure is 
switched to 13# from 17#. 

R097A— Pneumatic Electric Relay. Snap acting^ single pole double throw relay, de- 
signed to convert gradual air pressure changes into positive electric switching 
action. May be used to control an electrical de\ such as heater, motor, sie- 
nnl litrhts, etc., in conjunction with a pneumatic temperature controller. 

R0400A-Electric Pneumatic Relay. Electrically open 1 pneumatic diverting relay, 
used whore an inter-lock is desired between the electrical system, such as a 
fan, and the pneumatic control system. Can be used as a stop-and-bl 1 valve 
or as a diverting val diverting air from a common line to either of two 
branches. 




R095A 




R097A 




r 



R0400A 




S047 (mounted) 



WHEN ORDERING SPECIFY: 1. T>T)e number. 2. Application. 3. Voltage and frequency. 



— ^ ' 
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PNEUMATIC CONTROLS 



ACCESSORIES 



MANUAL SWITCHES 



TYPES 

S047 A— Diverting switch. % and sizes. Two- 

position. Used to feed air to a branch line in one 
position, and stop the main and bleed the branch 
in the other position. 

S047B— Diverting switch. %, % and sizes. Two- 

position. Used to divert one air line to either of 
two lines. 

S047C— Diverting switch. %" and sizes. Two- 

position. Used with T096 Sunimer-Winter Therm- 
ostat or to divert a line to either of two other 
lines and bleed the line not in use. 

S047D— Diverting switch. %" and sizes. Three- 

position. Used as an ''Open-Closed Automatic" 
switch or for any similar purpose. 

S048A— Diverting switch. size. T^vo-position. Used 

for connecting two air lines in one position and 
for connecting two separate lines in the other 
position, or for any similar purpose. 



S048B 



S049A 



S092A- 



S092B 



Diverting switch. %" size. Used to connect one 
air line to four others in a predetermined se- 
quence. 

* 

-Push button switch, two-position. Holds pneu- 
matic valves or motors in open or closed position. 

-Grad-U-Switch. For varying the air pressure in a 
branch line from 0 to 15 lbs. manually from a 
remote point. 

-Grad-U-Switch. A remote means for manually 
setting valves or dampers in any position from 
wide open to tight closed. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Application. 

3. Type of panel: steel (standard), slate or Ebonite 

4. Card designation. 




WHEN ORDERING SPECIFY 

1. Type number. 

2. Motor voltage, phase and 
frequency. 

3. With or without tank. 



AIR COMPRESSORS 

A reliable supply of air at 15 lbs. pressure is required for every pneumatic 
installation. Compressor equipment is supplied complete with tank, pressure 
regulator, pressure switch, filter, etc. 



TYPE 


H. P. 


DELIVERY 


CAPACITY 

rRoom Stats) 


VOLTAGE 


TANK 










A 


f 






WOlOA 




.93 cu. ft. 


10 


10 


10 


115/60 or 230/60 Single Phase 


4 Gal. Self-Contained 


WOlOA 


hi 


.93 " - 


12 


24 


40 


116/60 or 230/60 Single Phase 


30 Gal. Self-Contained 


WOlOB 




1.64 • - 


28 


56 


70 


116/60 or 230/60 Single Phase 


30 Gal. Self-Contained 


WOlOC 




2.54 ■ " 


70 


140 


110 


230/60 Three Phase 


30 Gal. Self-Contained 


WOlOD 




3.71 ■ ■ 


110 


220 


160 


230/60 Three Phase 


30 Gal. Separate 


VVOlOE 


1 


4.76 • ■ 


140 


280 


200 


230/60 Three Phase 


52 Gal. Separate 


WOlOF 




10.2 ■ ■ 


350 


700 


450 


230 /60 Three Phase 


Two 52 Gal. Separate 



♦With bleed type thermostats (50 compressor operation). 
AWith bleed type thermostats and Gradutrol Relays (50% operation) 
^With non-bleed type thermostats (33 h^7o) operation). 



MOISTURE CONDENSERS 

Moisture Condensers remove the moisture from the compressed air which is 
to be used by pneumatic controls. These condensers are normally required only 
when the control equipment is used with a cooling system. 

TYPES 

W016A— Air cooled. 
W016A— Water cooled. 



SPECIFICATIONS 

Purniflhed with either a water trap to drain the con- 
densate to the sewer or a condensate receiver which must 
be emptied periodically. 

CAPACITY— 20 C.FJML. 



WHEN ORDERING SPECIFY 

1. Type number. 

2. Cooling medium. 

3. Air capacity. 

4. With trap or receiver. 
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PNEUMATIC CONTROLS 

ACCESSORIES 



HUMIDIFIERS 

The Humidifier increases the moisture content of the air and is for use with 
pneumatic controls in the conditioning of auditoriums, schools, theatres, etc. 



TYPES 
W020A 
W020B- 
W021A- 



■Pan type with self-contained float 
Pan type with separate float box. 
-Injector type. 



^i^EClFRATlONS 

I. The pan typt; humidifier consists of a steam coil im- 
mersed in a pan of water. The coils are V/2" iron pipe of 
suflicient length to provide the required evaporation of 
moisture and the pan is constructed of heavy metal. 

1, The pan iN'pe humidifier may be used where the steam 
pressure is as low as 5 lbs. per square ii.^h although 
25 lbs. ur more is recommended. 

3. The injector type humidifier should be inst^»'led where 
ihe steam pressure is not more tlian 5 lbs. per square 
ijich. 2" pipe with \2" holes on 2" centers. 



WHEN ORDERING SPECIFY: 

1. Type number. 

2. Steam pressure. 

3. Air capacity. 

4. Space limitations. 

5. Relative humidity and temperature of entering and 
leaving air. 



ORDERING INFORMATION 



TYPES W020A AND W020B— PAN TYPE 

Refer to Table I for length of pipe necessary. This is 
determined by the C.F.M. of air to be humidified, and the 
steam pressure available. In order to complete the O.S. 
number, determine the length of pipe necessary, and use 
this figure (in feet) after the type number. 

For example, a job handling 20,000 C.F.M. of air and a 
50 pound steam preseure requires 13 feet of pipe (see 
Table I). The O.S. number for a pan humidifier without a 
separate float box would then become W020A13. If a sep- 
arate float box is required, the O.S. number would be 
\V020B13. 

The valve size required is also listed in Table I. For the 
above example, a reverse acting (normally closed) valve 
of 1" size is necessary. 

Always indicate the size valve to be used on the humid- 
ifier order. 

Always specify space available in unit for humidifier 
Always specify steam pressure and C.F.M. of unit 

TYPE W021 A— INJECTOR TYPE 

To determine length of pipe necessary, determine the 
inside width of the unit at the humidifier location. Deduct 
approximately 12" from this dimension to obtain the 
length of pipe ] sary. Use this figure to complete the 
O.S. number. 

Referring to the example under W020A if the unit is 
7 feet wide at the point where an injector humidifier is to 
be installed, subtracting 12 inches from this figure leaves 
G feet. The O.S. number for an injector humidifier for this 
job V Id be W021AG. 

The valve size is obtained from Table 1, and is deter- 
mined by the C.F.M. passed through the unit. Hence, for 
this job a 1" V ' e is necessary. 

Always indirat** th^* valve size necessary when ordering 
the humidifier. 

NOTF The length of the injector should be not less 
than 3 fc tt nor more than 10 feet. 



LINE.\L FEET OF 1 >V PIPE REQUIRED FOR PAN HUMIDIFIERS 



Cu. Ft. of Air 
Per Minute 


*Valve 
Size 


Steam Pressure in Poi 


jnds 


5 


10 


15 


20 


25 


50 


leo 


5.000 




18 


10 


8 


6 


6 


4 


8 


10.000 




36 


20 


15 


12 


10 


7 


6 


20.000 


1" 


72 


40 


30 


24 


20 


13 


9 


30.000 


IV 


108 


60 


45 


36 


80 


20 


18 


40,000 


IV 


144 


80 


60 


48 


40 


27 


18 


50,000 


2* 




100 


76 


60 


50 


33 


22 


75.000 


2 V 




150 


110 


92 


75 


50 


88 


100.000 


8' 






150 


120 


100' 


65 


44 



'^\'alve sizes also apply to injector type humidifier. For injector type 
requiring 2 'v* valve use two injectors. Injectors to be connected on a h«Ater. 



Table I. 

The above table is based upon an entering air condition 
of 35° dry bulb with 40% relative humidity and a final 
condition of 70** dry bulb with 40% relative humidity. 

To determine the length of pipe necessary for some other 
set of conditions, refer to a Psychrometric Chart and 
determine the g^rains of moisture to be added per pound 
of dry air. 

Having this figure proceed as follows: 

1. Determine length of pipe as shown in the example, 
(see page 1), using Table I above. 

2. Multiply this figure by the grains of moisture added 
per pound of dry air as determined from the Psychro- 
metric Chart. 

3. Divide the result of (2) above by 33. This gives the 
corrected figure for feet oi pipe necessary . 

For example, suppose that m the illustration, the speci- 
(i ions called for a final condition of 70* dry bulb and 
50U relative humidity with an entering condition of 35' 
dry bulb and 40% relativt, humidity. 

Referring to a Pyschrometric Chart we find the grains 
of moisture per pound of dry air aa following — for the 
final condition. 55 grains, and for the entering condition, 
11.5 ^ ' e difference is then 43.5 grains. 

We have found from Table I that IS feet of pipe is 
normally required. Multiplying 13 by 43.5, we get 665.5. 
I dine; this figure by 33, we get 17.13. For this job we 
would then order a W020A17 or W020B17 humidifier. 
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DAMPERS 




Control dampers play an important part in 
nearly all heating, ventilating and air-conditioning 
systems. In order to provide proper control, these 
dampers must be constructed with certain char- 
acteristics which vary to meet the requirements 
of a particular installation. 

Minneapolis-Honeywell control dampers have 
been especially designed for temperature control 
work and are available in every type and variety. 
Dampers can be positioned with either pneumatic 
or electric damper motors. 

TYPES 

W42 — Louvre dampers. 

W43 — Right angle mixing dampers. 

W44 — Round dampers. 



Type W42 Louvre damper with electric motor operator 

mounted externally to duct. 



SPECIFICATIONS 

FRAMES — For dampers under 10 sq. ft. area, welded 
2"xy2"x%" black channel iron except mixing type 
damper frame of 3/16"x2" strap iron if no dimension 
exceeds 18". For dampers over 10 sq. ft. area welded 
2"xl''x%'' channel. 

BLADES — No. 16 gauge steel. Maximum width 10" except 
round dampers 36" dia. Maximum length 48". Blades 
have one center and two edge crimps. Where required, 
the driving blade is reinforced. 

FINISH — Black enamel finish standard. 

BRACES — Dampers over 16" in any dimension have 
comer braces. Dampers over 30" in height have tie rods 
24" or less apart. Additional braces on frames or blades 
wherever required. 

BEARINGS — Steel shaft in brass bearings. 

GENERAL— Maximum height, 8 feet. Maximum area, 25 
sq. ft. All dampers equipped with side and end stops of 
^4"x%"xl/32" angles. All dampers over 8' height, 48" 

/ width, or 25 sq. ft. area are built in two or more sections 
with interconnections on every other blade. 5/16" holes 
drilled every 18" or less on all sides of damper frame 
for mounting. Special finish, special material, felted 
edges, etc., are available. Cross connections between 
blades are adjustable. All dampers are given double 
inspection for size, etc. 

MOTOR AND MOTOR FITTINGS — PNEUMATIC — 
M052 Type — When pneumatic motors of the M052 type 
and their fittings for internal mounting are ordered 
with the damper, the lever is factory cut to fit, and is 
included with the damper. The motor mounting bracket 
is included with the fittings and mounting lugs for the 
brackets are provided on tne damper frame. 

Assorted sizes of leg stands and L brackets are avail- 
able for external mounting of these motors on floor, 
wall, ceiling or duct work. The lever is included in the 
motor fittings for this case, but the mounting bracket 
must be ordered separately. 




Type W42 Louvre damper with Pneumatic motor operator 
mounted directly on damper. See page 38 for 

M0900 Damper Motor. 



M0900 Type — The lever is a part of the motor, and the 
mounting bracket is included with the fittings. Mount- 
ing lugs are provided on the damper* frame for the 
mounting bracket if this type of motor is to be mounted 
internally. 

ELECTRIC — Internal Mounting — Motor mounting bracket 
and blade drive ear are included with damper for 
mounting M204, M405, M805, M904, and M905 Motors. 
Order Q605B linkage separately (from Minneapolis). 

External Mounting — Extended axle provided for connect- 
ing linkage. Order Q605A linkage separately (from 
Minneapolis). 

MOUNTING BRACKETS AND LINKAGES, Electric — 
Q605B, for mounting M204, M405, M805, M904 and 
M905 motors internally (inside duct). Q605A, for 
mounting M204, M405, M805, M904 and M905 motors 
externally (outside the duct). 

SPECIAL FEATURES AVAILABLE— 

(1) Copper dampers to be built to specifications of 20, 
24, 32 or 36 ounce copper. Frames to be copper 
sprayed iron channel or brass bar stock. 

(2) Gray enamel, copper spray, or aluminum finish. 

(3) Galvanized blades with aluminum painted iron 
frames. 

(4) Motor bracket mounting of internal or external 
type. 

(5) Ball bearings. 

(6) Felted edges. 

(7) Opposed action blades. 

WHEN ORDERING SPECIFY: 

1. Type number. 

2. Actual damper size. Do not give duct size, since 
dampers are built to exact size given. 

3. Give complete specifications, using damper order 
form (SA-765). 
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DAMPERS 






Type \V44 Round damper with Pneumatic motor operator. 



Type \V43 Right angle mixing damper with Pneumatic 

motor operator. 



GRAD-L-FLOW OUTLET DAMPER 




Type \V62A Grad-U-Flow outlet damper with 

Pneumatic motor operator. 

SPECIFICATIONS 
TYPE— W62A. 
BLADES— Two iron blades. 
FINISH— Black. 
HINGES— Piano type hinges. 
SIZES— Height 4% 6", and 8". 

Width 6" to 36" at 2" intervals. 
WHEN ORDERING SPECIFY: 

1. Type number. 

2. Outlet grill dimensions. 



Grad-U-Flow outlet dampers, sold exclusively by 
Minneapolis-Honeywell, are designed primarily for 
use as volume dampers on zone systems using vary- 
ing volume control. The Grad-U-Flow outlet damper 
varies the volume of air mtroduced to the outlet 
grill, while maintaining the velocity of the air stream 
at a constant value. Only the size of the air stream 
is varied according to the demands of the space. 

Through the use of these constant velocity damper-, 
the air distribution remains the same for any outlet 
regardless of the quantity of air passing through the 
gi'ill. Air passage tlirough Grad-U-Flow outlet 
dampers is streamline and therefore eliminates 
tui'bulence and noise. 

For best results, the system should include equip- 
ment to control the static pressure in the supply 
ducts. 

Grad-U-Flow outlet dampers are available in 
standard grill sizes, listed under specifications. 
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In buildings where occupants' satisfaction means 
increased revenue for the owner, the control of 
temperature and humidity conditions within com- 
fortable limits is the first essential. But of almost 
equal importance to the owner is an accurate check 
on the performance of the system, both from the 
standpoint of conditions maintained and the cost of 
operation. 

Instruments, which are designed to provide 
accurate records of all variables which go to make 
up a complete air-conditioning system, will provide 
the owner with the information necessary to econo- 



mically operate the system under optimum comfort 

conditions. For instance, Row Meters in the line to 
the steam coils show steam consumption, the major 
cost factor during the heating cycle. 

Temperature indicating and recording instruments 
will show wet and dry bulb conditions throughout the 
system itself and the space being conditioned, and in 
addition make possible readjustments that will permit 
more economical operation under conditions that 
have been determined to be satisfactory to occupants. 
Permanent records of this nature are invaluable in 
presenting to tenants a visual picture of the actual 
conditions that have been maintauned. 




Resistance Thermometer 



Standardizing Panel 



Specifications 



INDICATING RESISTANCE THERMOMETERS 

The indicating resistance thermometer provides a means for measuring 
temperatures at remote points from a central location. The indicator is the 
direct-reading, deflectional type. The bulbs, or temperature sensitive elements, 
may be located at any distance up to 1,000 ft. from the instrument, and are 
easily connected by three small-gauge wires. The circuit used makes it possible 
to change bulb locations at will without recalibration or the addition of aux- 
iliary resistances. 

Types Available 

9001-120A — Indicator complete with 18181 control panel for use with single bulb 

or rotary switches. 

9001-120B — Indicator complete with 18182 control panel for use with multiple key 

switch assemblies. 



1. Range:— 20° to +120" F., standard, 
available on order. 



Other ranges 



2. Switching Mechanism: Self contained 24 point 
rotary switch. 



3. Bulbs: Room or insertion type for either wet or dry 
bulb measurement. 

4. Operating Current: Direct current dry cell battery. 

6. Wiring: Two No. 18 B & S copper wire leads for 
each bulb and 1 No. 16 B & S copper wire common 
to all bulbs. 




Types Available 

ll'^XlW —1 record 
11oa5W2— 2 records 
113X5\V:i— 3 records 

Specifications 

1. Range:— 20" to +300 
maximum 300** F.) 



RECORDING RESISTANCE THERMOMETERS 

Continuous strip chart recorders for obtaining permanent records of remote 
Kinperaiures. Available to provide as many as six record Record lines printed 
in contrasting colors to prevent confusion. Operates on potentiometer circuit. 



1 1 3X5 W 4— 4 records 
113X5W(>— 6 records 

F., (minimum span 20* P., 



2. Bulbs: Room or insertion type for either wet or dry 
bulb measurement. 

3. Operating Current: Chart motor 110/60 or 220/60 — 
Bulb current dry cell battery. 

4. Wiring: Two No. 18 B A S copper leads to each bulb. 
One No. 16 B & S copper lead common to all bulbs. 

6. Also available with print wheel up to 16 recortto. 
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Specifications 



PRESSURE TYPE THERMOMETERS 

Circular chart type recorders are available complete with connecting tubing and 
bulb for measuring wet and dry bulb temperatures or relative humidity. Available 
for either portable service or permanent mounting. Chart motor electric or spring 
wound type. 

Types Available 

645101 — Single record thermometer 10" chart. Rectangular case. 

645121 - Single record thermometer 12" chart. Rectangular case. 
6081-XOl — Portable thermometer 8" chart. Circular case. 

645102- 40 — Two record thermometer 10" chart. Rectangular case. 

645122- 40 — Two record thermometer 12" chart. Rectangular case. 

645123- 44 — Three record thermometer 12" chart. Rectangular case. 
6081-X019 — Portable recording thermometer 8" chart. Circular case. 

For Portable Combination Hair Hygrometer and Thermometer see following page. 



Ranges: Cla-ss II —10° to +600° F. 

Class 111—40° to +800° F. 

Class IV-^0° to +1000° F. 

Tubing lengths: Five feet standard 
lengths available. 

Class II —200 Ft. 

Class III— 200 Ft. 



Maximum 



Class IV— 50 Ft. (Circular case) 

200 Ft. (Rectangular case) 

3. Recording Pen: Reservoir type. Non-corrodible and 
replaceable. 

4. Case Construction: Dust proof and moisture proof. 
Lock and key type cover. 

5. Case Dimensions: 10 or 14 in. diameter (Circular 
case). 13 13/16x17 27/32* (Rectangular case). 



MECHANICAL FLOW METERS 

Mechanical flow meters provide a means of measuring and recording both rate 
and total flow of any fluid. Such records make it possible to more accurately 
determine operating costs and system efficiency. Brown flow meters operate on the 
differential pressure principle. Mechanical meters are used where it is possible to 
locate the entire assembly close to the point of measurement. 

Types Available 

220121 — Single pen recorder. Non-integrating tyv^- 12" chart. 

221201 — Single pen recorder with integrator and automatic planimeter. Total flow 

may be reaa directly. 12" chart. 
Multiple pen types are available to recora temperatures or pressures simultaneously 
with flow. 

Specifications Meter Body: Standard forged steel meter body for 

Range: Interchangeable range tubes provide easy read- universal application on all pressures up to 2,500 lbs. 

justment of range for working pressures up to 2,500 lbs. Operating Mechanism: Simple lever and link connection 

Integ^tor: Self contained in recorder case. between float and pen arm. 





ELECTRIC FLOW METERS 

Electric flow meters are used in place of mechanical assemblies where it is 
desirable to locate the recorder at a point remote from the point of measurement. 
A three wire electric circuit is employed to connect the meter body and recorder 
unit. Self contained integrators available for direct reading of total flow. 

Types Available 

200121 — Single pen electric recorder with 12" chart non-integrating type. 

201201-X40 — Single pen electric recorder with 12" chart. Integrator built in recorder 
case for direct reading of total flow. 



specifications 

Range: Interchangeable range tubes permit adjustment 
for all working pressures up to 2,500 lbs. 

Meter Body: Universal forged steel body with divided 



inductance coil and armature assembly. 

Wiring Connections: Terminal connections for 3 No. 16 
wires are provided on both meter body and recorder 
units. 
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RECORDING HYGROMETERS 

Hair Hygrometers give direct readings of per cent relative humidity. The pen 
is actuated by a sensitive bundle of human hairs through a simple lever system. 
The expansion and contraction of the hairs with changes in relative humidity is 
converted into pen motion over a uniformly graduated chart (reading 0 to 100%). 
The instrument gives quick and accurate response to changing air conditions 
wherever it is located. 

Types Available 

6881 — Surface mounting, electric chart motor, 8" chart 
6881-X019 — Portable, spring chart motor, 8" chart. 



Specifications 

1. Range: 0— 1007o Relative Humidity. 

2. Recording Pen: Reservoir type. Non-corrodible and 
replaceable. 



3. Case: Circular dustproof die cast aluminum. Lock 

cover. 

4. Dimensions: 10 inches diameter. 



COMBINATION PORTABLE 
RECORDING THERMOMETER AND HYGROMETER 

Combination Portable Recording Thermometers and Hygrometers make ideal 
instruments for spot checking the temperature and humidity conditions being 
maintained in a space for an entire 24 hour period. 

They are made up in neat die cast cases with carrying handles and sturdy feet 
so that they can be set on any fiat surface. A hand wound 24 hour clock movement 
makes them entirely self contained. 

Types Available 

6882-6019— Two pen recorder 8" chart. 

Specifications 

1. Range: Temperature 0 to 100*". 3. Case: Circular dustproof die cast aluminum. Lock 

Relative Humidity 0 to 100%. cover. 

2. n rding Pen: Reservoir type. Non-corroding and 

replaceable. 4. Dimensions: 10 inches diameter. 





bpeciDcations 

1. Range: 0 to 30" Hg. vac. 

0 to 6, 0 to 14, 
1001 to 7500 lbs. 



RECORDING PRESSURE GAUGES 

Recording Pressure Gauges are available in a wide variety of ranges to provide 
a means for obtaining continuous records of boiler pressures, water pres^^ure, or 
any other important pressure or vacuum. These units are available in the attractive 
new rectangular case design. 

Types Available 
705101 — Single pen electric recorder with 12" chart. 

705122 — Two pen electric recorder with 12" chart. 

705123 — Three pen electric recorder with 12" chart. 



14.7 to 600, 601 to 1000, 



2. Recording I'en: Reservoir type. Non-corroding an<l 
replaceable. 

3. Case: Rectangular dustproof with locking cover. 

4. Dimensions: 13 13/16 x 17 27/32 inches. 
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Flame Electrode 




Photo Electrode Relay 




COMBUSTION SAFEGUARD SYSTEMS 

Combustion safeguard systems are applied to large gas or oil fired installations 
to guard against hazardous conditions. Many variations in sequence and equipment 
are available and the choice of system will depend upon the type, size, and use of 
the burner involved. 

For gas installations the Flame Electrode Protectoglo System is recommended. 
Systems can be arranged which check the presence of only the pilot flame, or which 
will check both the pilot and the main flame. If desirable, systems can be specified 
which will regulate the entire sequence of the burner in order to guard against 
any hazardous condition. 

The Photo-Electrode Protectoglo System is available for oil fired boilers and 
other luminous type flames. The system uses the photo-electrode principle to detect 
the presence of flame and can be worked into many different combustion safe 
guard systems. 



Protectoglo Flame Relay 



PYROMETERS 




ELECTRONIK POTENTIOMETER PYROMETER— Strip Chart (153X60 Series). 

A dependable instrument which can be located any distance from the point 
of temperature measurement without afi^ecting its accuracy (within it .02 MV 
for spans less than 10 millivolts). Pen speed allows full scale pen travel in 24 
seconds. 

Balancing motor and mechanism move only during a pointer change, reducing 
wear of parts to an absolute minimum. Accessories available to meet the needs 
of each job. 

Charts are 12" wide and 120' long, with calibrated width of 11" and standard 
time marking of 2" per hour. 




ELECTRONIK POTENTIOMETER PYROMETER— Circular Chart. 

Recommended for use where ruggedness is desired with accuracy within .03 
mv. for spans less than 12 mv. The entire balancing operation is non-cyclic and 
responds instantly to a change in measured e.m.f. 

Full scale pen travel in 24 seconds (60 cycle) records continuous ink record 
on 12" diam. charts with calibrated width of 4^". Accessories available for all 
requirements. 
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In buildings where occupants' satisfaction means 
increased revenue for the o\\'Tier, the control of tempera- 
ture and humidity conditions within comfortable limits is 
the first essential* But of almost equal importance to the 
owner is an accurate check on the performance of the 
system, both from the standpoint of conditions maintained 
and the cost of operation. 

Instruments, which are designed to provide accurate 
records of all variables which go to make up a complete 
air-conditioning system, will provide the owner with the 
information necessary to economically operate the system 
under optimum comfort conditions. For instance, Flow 
Meters in the line to the steam coils show steam consump- 
tion, the major cost factor during the heating cycle; and 
an electric CO2 meter analyzing the flue gas from the 
boiler permits an intelligent adjustment of the firing 
means so that the steam consumed may be produced at 
the lowest cost per unit of fuel input. 

Temperature indicating and recording instruments will 
show wet and dry bulb conditions throughout the system 
itself and the space being conditioned, and in addition 
make possible readjustments that will permit more 
economical operation under conditions that have been 
determined to be satisfactory to occupants. Permanent 
records of this nature are invaluable in presenting to 
tenants a visual picture of the actual conditions that have 
been maintained. 

Architects and engineers specifying instruments to be 
used with air-conditioning or space heating installations 
demand: 

1. Ease of Installation. 

2. Serrlce facilities, whenever and wherever needed. 

3. Dependable, accurate results. 

4. One responsibility for the complete installation, backed by a 
financially sound company whose reputation is based on years 
of successfully applied instrumentation. 

The Browm Instrument Division of the Minneapolis- 
Honeywell Regulator Company, through its nation-wide 
sales and service organization, capably fills these 
requirements. 

RESISTANCE THERMOMETERS 

The flexibility of Brown Resistance Thermometers per- 
mits the measurement of temperatures electrically 
throughout the air-conditioning system and the space to 
be conditioned. The bulbs, or temperature-sensitive ele- 
ments, of the instruments are located in suitable positions 
to measure the following conditions: 

1. Wet and dry bulb temperature in outside air. 

2. Wet and dry bulb temperature In return air. 

3. Wet and dry bulb temperature in discharge air. 

4. Dewpolnt temperature in dehumldlfler outlets. 

5. Temperatures at the Inlets and outlets of cooling or heating coils. 

6. Room temperatures. 

Resistance Thermometer Advantages 

1. Wide range. Instruments are available to measure 
temperatures from 150° F. below zero to as high 
as 300** F. above zero. 

2. Measures temperatures at any number of points. 

3. Measures temperatures at practically any distance 
from the instrument. 

4. Bulbs are small, sensitive, accurate, and inter- 
changeable. 

5. Instruments are available in any desired range. 

6. Charts are uniformly graduated over the entire 
scale range. 

7. No gas, mercury or liquid to leak. 

8. Temperatures or humidities may be indicated or 
recorded as desirod. 

9. Attractive appearance. 

10. Operation i? ^-^^rr^ on the Wheatstor^ Bridge cir- 
cuit which is the most accurate known. 



Direct-Reading Indicating Resistance 
Thermometers (Deflection Type) 

To meet the demands of building owners and operators 
for a centrally located instrument which will accurately 
indicate the temperatures throughout the building, the 
Model 9001, resistance thermometer was developed. All of 
the important temperatures throughout the office building, 
apartment, hotel or school can be quickly and accurately 
checked by the engineer from a central location. Simply 
by pressing a switch and turning a knob, remote tem- 
peratures are clearly indicated on a large open dial. 

Since many building operators require that the installa- 
tion of such equipment be made by their own electricians, 
a simple, easily installed circuit was developed for use 
with this t>T)e of instrument. 




• % IN AoO OU^ or SPHAT ChamMR 



•^•^ IN AND OwT 0$ CONOCN^CA 



SCMEMATC LArOuT or BulBS anO INSTRUMENTS OF A 3-WlRE 
RtSJSTANCC TNEftMOMtTeR SrSTEM A5 US£D iN A TyPiCAU 
AlR-CONOlTlONiNC INSTALLATION. 



Figure 1 



In the typical installation shown in Fig. 1 above, one 
No. 16 gauge wire and two No. 18 gauge wires are run to 
each bulb, and the system is so arranged that the 16- 
gauge wire may be common to all bulbs. Through this 
arrangement bulbs may be economically installed as far 
away from the instrument panel as 1,000 feet without 
increasing the wire size. 

Indicating Resistance Thermometers 
(Balanced Bridge Type) 

With the balanced bridge t>'pe of Resistance Thermo- 
meter the temperature reading is obtained by turning a 
dial to balance the Wheatstone Bridge Circuit. The tem- 
perature of the thermometer bulb is then read directly 
from the scale of the dial. A long 16" scale enables the 
observer to read small temperature changes with a high 
degree of precision. 
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As in the case of the deflectional type instrument, a 
Brown balanced bridge indicator requires no calibration 
adjustment in the field to compensate for varying lead 
lengths. It may be used in combination with a large 
number of bulbs located at distant points when a suitable 
switching means is provided. 



Single or Multiple Record 
Resistance Thermometers 

Where a permanent record of operation is desired to 
show temperatures, load conditions, dehumidifier opera- 
tions, cooling system and heating system operation, a 
Recorder is commonly used. Since the temperatures 
recorded become a permanent record, they serve as an 
invaluable reference for the building owner in checking 
operating efficiency and in serving to satisfy tenants as 
to the actual conditions under which the system is being 
maintained. 

The Brown Recording Resistance Thermometer is avail- 
able in either the single pen type, which makes a 
continuous line on the chart, or the multiple recording 
type which prints up to six different records of important 
temperatures in distinctive colors, and if desired, each 
record may be continuously numbered. 



Assemblies for Wet and Dry Bulb 
Temperature Measurements 

Brown Resistance Thermometers are excellently adapted 
to accurately measure and record both wet and dry bulb 
temperatures. By the use of two bulbs, one of which is 
covered by a wick extending into a tank of water, the 
wet bulb temperature can easily be determined by switch- 
ing the connected instrmnent from one bulb to the other, 
or both readings may be obtained simultaneously. A 
suitable table supplied by us enables the user to read the 
percentage of humidity, dependent on the difference in 
temperature of the two bulbs. Certain types of recorders 
are calibrated so that relative humidity may be read 
directly. 



Pressure Type Thermometers 

In many cases where relatively few temperatures are 
to be recorded and where the instrument itself may be 
placed quite close to the point at which the temperature 
is being measured, the pressure type thermometer may 
be used advantageously. These recorders may be actuated 
by vapor pressure, gas expansion, or mercury expansion 
and are available to meet the requirements of varying 
applications. Pressure type thermometers are available 
for permanent installations, or may be of the portable 
type. 

Building Engineers find frequent use for a portable two- 
pen temperature and humidity recorder. Many times in the 
checking and balancing of air-conditioning systems it is 
necessary for the architect or operating engineer to record 
temperatures at various points throughout the system 
which are not ordinarily served by other temperature 
recording means. The portable instrument g^ves a con- 
tinuous record over a 24-hour period, and shows tempera- 
ture and humidity at the point where the instrument is 
located. 



Brown Recording Pressure and Vacuum Gauges 

Many applications are found for a Brown two-pen 
Recording Pressure Gauge. During the heating cycle the 
advantages of maintaining a record of the boiler pressure 
or vacuum is obvious. During the cooling cycle it may be 



of prime importance to the operator to have a continuoul 
record of the operation of a refrigeration con /pressor at 
showTi by the pressures in the suction and discharge line. 
Other operating factors susceptible to interpretation 
through readings of pressure or vacuum will become of 
more or less importance in different systems depending 
upon the construction of the system itself. For instance, it 
may be desired to record the inlet and the outlet pressures 
to and from a cooling coil; or it may be desired to record 
the head pressures under which a pump must operate in 
cooling tower applications. 

A variety of models is available with either circular 
twenty-four hour charts or with strip charts which furnish 
a record of approximately two months' operation. 



CONTROL OF STEAM GENERATION 

The savings possible through proper control of steam 
distribution are self-evident. Additional savings at the 
point of steam generation are possible by maintaining top 
efficiency in the boiler plant. 



Recording and Indicating Equipment 

Instruments tell the Engineer exactly how the boiler 
plant is operating, and give him the means for preventing 
losses due to inefficiency before they occur. 

1. Steam flow recorders. These permit accurate deter- 
mination of total steam generated, and permit a 
continuous record of steam consumption between 
separate buildings or separate sections of the same 
building. Only by having these figures available, is 
it possible for the operating engineer to determine 
his over-all boiler efficiency in terms of fuel con- 
sumed per pound of steam generated. 

2. CO, Recorders. COi content of the flue gas gives an 
instantaneous measure of boiler efficiency. A COj 
recorder installation gives the operating engineer a 
means of operating his boilers at maximum efficiency. 

3. Recording Pressure Gauges. Records of pressure 
variations on the boiler provide means of analyzing 
load variations and equalizing boiler loads, thereby 
preventing inefficiencies from this source. 

4. Brown instruments for recording or indicating 
temperatures and pressures for any condition are 
available, providing a complete service for recording 
and indicating equipment. 



Safety Controls for the Boiler Room 

The burning of fuels such as oil or gas requires that 
automatic controls be used to: 

1. Guard against unforseen hazards. 

2. Provide an automatic program of starting. 

3. Protect against flame failure. 

The "Protectoglo" principle provides the only real 
safety protection for large gas fired boilers. Other pro-* 
tective systems are designed to meet the needs of the 
particular installation whether oil or gas. Every boiler 
should be protected against the hazards of excessive pres- 
sure and low water conditions. 

Consult your Minneapolis-Honeywell branch for expert 
and impartial advice on the problems of control in your 
boiler room. 
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While the following discussion cannot cover the com- 
plete details of the electrical circuits used in various com- 
plete control systems, the fundamental characteristics and 
basic principles of the several *'series" wiring schemes will 
be outlined and schematically illustrated. 

Minneapolis-Honeywell electric controls, with the excep- 
tion of a few purely mechanical units, consist of electric 
switches, motors, relays or combinations of these devices. 
As such their construction is designed in terms of the 
electrical circuit of which they form a part. To effect 
various functions it has been found necessary to develop 
several basic control circuits. To distinguish and to 
classify these, Minneapolis-Hone>^vell has identified them 
by series numbers such as Series 10, Series 20, etc. 

Thus all Minneapolis-Honeywell Controls of the elec- 
trical t>T)e are classified in terms of these same series 
numbers, i. e.. Series 10 Controls, Series 60 Controls, etc. 

DEFINITIONS 

Low Voltage 

In automatic control parlance the term low voltage is 
applied to wiring or devices utilizing potentials (volt- 
ages) of 25 volts or less. Since in Minneapolis-Hone>^vell 
controls the standard maximum voltage of low voltage 
circuits is 25 volts, this general specification is not re- 
stated in the catalog description of each control. However, 
where ratings varying from this standard are in effect 
special mention is made. Most Minneapolis-Honeywell low 
voltage units operate on a 20 or 24-volt supply. Low volt- 
age current for control circuits is normally supplied by 
special control transformers furnished with the control 
equipment. 

Line Voltage 

This term refers to the normal voltage of the electrical 
supply mains and is usually 110 or 220 volts. Line voltage 
circuits may be connected to the primary circuits of step- 
down control transformers and thus provide the primary 
source of power for low voltage circuits. Control units 
are also designed to operate from or switch line voltage 
circuits directly. The term high-voltage is sometimes 
used in place of line voltage but is confusing due to its 
use as referring to potentials of over 500 volts in connec- 
tion with commercial electrical distribution systems. 

Two-wire 

The term '^two-wire" is sometimes used to identify wir- 
ing circuits or control devices in w^hich two wires or con- 
ductors are i 1 in interconnecting the individual units. 
Switch construction in such control is normally of single 
pole, single throw mercury switch or open contact design. 

1 hree-wire 

As in the case above, this term refers primarily to the 
number of wires or conductors used in the interconnecting 
circuits. Three-wire circuits permit of several different 
switch constructions the details of which will be outlined 
in later paragraphs. 

Holding Circuit 

This term applies to a secondary circuit normally 
energized subsequently to some primary circuit and used 
to maintain some electrical status quo until a definite and 
prt <1< led change has taken place. Holding circuits 

are usually associated with magnetic relay action. Thus, 
as a relay is energized by some primary switching action 
and its a. to a closed position, a holding 

circuit is established which maintains the relay in ener- 
gi *ion until Sf - ^ ' rminod ' hing action opens 
the holding cin 1 holding circuit is not, in itself, 
capable of closing the relay, this being a function of the 
primary or starting ( ' uit. 



Maintaining Switch 

The maintaining switch is associated with motor powei 
units of the two-position type. Like the holding circuit 
in relays, the maintaining switch does not institute opera- 
tion in the power unit, but this operation once started by 
some primary circuit is maintained through definite lim- 
its by the maintaining switch. 

Potentiometer 

A number of turns of resistance wire usually arranged 
on a spool or bobbin and constructed for three-wire connec- 
tion as shown below, is called a potentiometer. 




Schematic Wiring Diagram 

In control circuits the center connection is a movable 
blade riding over the length of the wound resistance wire 
and, in turn, actuated by some automatic mechanical or 
manual means. 

Balancing Relay 

A relay armature (usually provided with electrical con- 
tacts) which is acted on magnetically by the effects of 
two electro-magnetic coils is classified as a balancing 
relay. As the magnetic effect of these coils is changed in 
the control circuits the armature moves to position itself 
as dictated by the stronger roil. Thus, the armature 
balances itself in accordance with the comparative 
strength of the coils and changes position to a new balance 
whenever the coil effect changes. 

In Contacts and Out Contacts 

In relays those contacts which are completed when the 
relay armature is **pulled in'* to its energized position are 
called **in contacts." Similarly contacts which are com- 
pleted when the relay armature "drops out" to its de- 
energized position are called "out contacts." It is the stan- 
dard practice in making Minneapolis-Honey^vell control 
wiring diagrams to show these contacts in the following 
manner and diagrams always show the relay armature in 
the de-energized position unless especially marked. 





**In Contacts** of a double- 
pole slnf^le throw relay 



A sinille pole double throw 
relay — one **ln" and one 



« *. 



out** contact 




A three-pole relay in which one pole U for a ulnille pole double throw 
and two poles are single pole aingle throw. Of these laet two polee 
one U energized when the relay puMa "In,** the other enerf^ized 

when the relay drops **our** 
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SERIES 10* CONTROL CIRCUIT 



ADVANTAGES OF SERIES 10 

The Series 10 low voltage control circuit is most widely 
utilized in the control of: 

1. Oil Burner, Gas Burner and Stoker Systems. 
3. Commercial Refrigeration Systems. 
3. Unit Heaters. 

It has several distinct advantages which make it par- 
ticularly adaptable for these types of installations. 



•Tail Safe" Protection 

Many types of equipment such as Oil Burners, Gas 
Burners and Stokers, may constitute a definite hazard if 
allowed to operate continuously over an extended period 
of time. Series 10 controls definitely stop the fuel supply 
to such equipment in the event of a power failure or cir- 
cuit disorder which renders the control system inoperative. 

Elimination of Arcing Contacts 

Vibration at or near the control unit will frequently 
cause chattering and arcing contacts. The Series 10 
double blade switching action eliminates this condition. 

Flexibility of Adjustment 

Series 10 controls permit independent adjustment of 
•*cut-on" and **cut-off" points. 

Positive Differential 

Short cycling is common in single contact control equip- 
ment. The Series 10 holding circuit insures a positive 
differential between "cut-on" and "cut-off" points. 

This feature is of importance in many control sequences 
such as the provision for a positive defrosting cycle for 
commercial refrigeration systems. 

The full scope of Series 10 advantages may be better 
appreciated after an analysis of the equipment and circuit 
principles has been made. 



Low voltage current for the operating and holding cir- 
cuits of Series 10 relays is provided from transformers 
built into the relay cases. Current is supplied contin- 
uously unless special provision for manual shut down is 
made. 

When both controller blades are engaged with theii 
respective contacts the relay operating circuit is com- 
pleted, and the magnetic relay coil is energized. The 
holding circuit is established through the subsequent 
switching action. 

Switching effect is obtained by attaching contacts to 
the movable relay armature. As the magnetic effect of 
the field coil displaces this armature the contacts are 
engaged. Series 10 relay armatures are equipped with 
two separate contact mechanisms: 

1. To close the low voltage holding circuit. 

2. To complete a line voltage circuit to the load under control 
(usually a motor). 



TRANS 




LINE 



WARM 



WHITE 



BLUE 



RELAY 
COIL 



NO. I 



NO. 2 






LOAD 



Figure 1 



SERIES 10 EQUIPMENT 

The basic Series 10 circuit consists of a combination of 
a controller unit with a relay, motorized valve or solenoid 
valve which is constructed with a special holding circuit. 
This basic arrangement may be broadened to include limit 
controls should they be required. 

Controllers 

Series 10 controllers may take any of the following 
forms: 

1. Room Thermostats. 

2. Insertion Thermostats. 

3. PreMure Controllers. 

These units are constructed with two separate blades. 
The blades engage their respective contacts sequentially as 
the controlled element reaches a predetermined level. They 
break away from these contacts in reverse sequence as the 
controlled conditions return to a satisfactory level. 

Relays 

Series 10 relays are of electro-magnetic construction 
and are provided with: 

1. Low Voltage operating circuits. 

2. Low Voltage holdinii circuits. 

3. Built-in transformers, 

4. Line Voltajle Switching circuits. 



Fier. 1 illustrates a complete Series 10 control circuit. 
The equipment includes: 

1. A room thermostat. 

2. A relay. 

The thermostat is in a satisfied position and both con- 
tacts are open. The flexible blade is arranged to make 
contact with the white control terminal and the rigid blade 
with blue. 

Contacts 1 and 2 are attached to the relay armature 
and switch the holding and load circuits, respectively. 

In the diagram line voltage circuits are indicated by 
heavy connecting lines and low voltage circuits by light 
lines. 

In the following diagrams the complete electrical cycle 
is illustrated. For purposes of simplification all line 
voltage circuits have been eliminated. It should therefore 
be noted that: 

1. Current is supplied to the transformer primary continuously. 

2. The load contact is closed whenever the relay coil is encr^zed. 

It should be further noted that: 

1. Solid lines indicate wires through which current is passing 

2. Dotted lines indicate inactive circuits. 

* Trade Mark 
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SERIES 10" CONTROL CIRCUIT 
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BLADE 



When the thermostat is at or above the control point: 

1. Both thermostat blades are open. 

2. There is no closed path of current, and no current is 
flowing. 



When the relay coil is energized; 

1. The armature is pulled "in" and contact number 1 is 
closed completing a second circuit as shown in Fig. 5. 

2. Contact number 2 (not shown) is closed and the load 
circuit completed. 



Slight Temperature Drop 
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On a slight drop in temperature: 

1. The flexible blade engages the W contact. 

2. There is still no closed path of current. 



Further Temperature Drop 
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On a further temperature drop: 

1. The rigid blade engages the B contact. 

2. The operating circuit (as shown by solid lines and 
arrows) is established. 

3. The relay coil is energized. 



Slight Rise in Temperature 
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Figure 6 



As the temperature rises slightly: 

1. The rigid blade breaks from the B contact. 

2. The operating circuit (see Fig. 4) is de-energized. 

3. The holding circuit is still active and current flows 
through W-R, contact number 1 and the relay coil. 

4. The relay coil is still energized. 

5. The armature is held "in" and the load contact is still 
closed. J a 



Further Rise in Temperature 

On a further rise in temperature the flexible blade 
breaks its contact with W: 

1. All circuits are inactive (see Fig. 2). 

2. The relay is de-energized and the armature drops 
out." 



8. The load circuit is broken. 
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Adyantages of Series 20 

The Series 20 control circuit has been designed to pro- 
vide low voltage two-position control of: 

1. Motorized Valves. 

2. Motorized Dampers. 

Series 20 controls are arranged to make one circuit to 
start and a second separate circuit to stop. They should 
not be used on applications where continued operation in 
the event of power failure would constitute a hazard. 

A basic Series 20 control circuit may be obtained by 
combining a controller with a single pole double throw 
switching action and a Series 20 control motor. Limit 
controls may be added where required. 



BLue 



SERIES 20 EQUIPMENT 



Controllers 



Series 20 controllers may take the form of: 

1. Room Thermostats. 

2. Insertion Thermostats. 

3. Humidity Controllers 

4. Pressure Controllers. 

Each controller is constructed with a single pole double 
throw switching action. Controllers may be of the open 
contact type or the mercury switch type. In either case 
one circuit is made on a rise in the condition of the con- 
trolled element, and a second separate circuit is made on 
a drop. 
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Fig. 1 illustrates a complete Series 20 control circuit. 
The equipment used includes: 

1. open contact thermostat. 

2. Series 20 motor. 

3. Step-down transformer. 

The thermostat is constructed with a bimetal blade 
which engages the blue contact on a drop in temperature, 
and the white contact on a rise. It is shown in a satisfied 
position in Fig. 1. 

The maintaining switch cam and contacts are shown 
schematically, as is the motor, gear train and crank arm. 

The following diagrams show the progressive comple- 
tion of the various circuits. Solid lines indicate wires 
carrying current, dotted lines those which are inactive. 



Motor Units 

Series 20 power units may be adapted, through linkages, 
to either valve or damper equipment. They are constructed 
with; 

1. A unl-directional electric motor operating on low voltaj^e. 

2. Gear trains to provide power at the end of a drive shaft. 

3. A maintainlnfl switch. 

Since the electric motor unit rotates in only one direc- 
tion the linkage mechanism must be arranged to exert a 
force in one direction during one-half of the drive shaft 
rotation, and in the opposite direction during the second 
half of the rotation. Likewise, if two-position operation 
is to be obtained, special provision must be made to: 

1. Stop the motor at the end of each ^ revolution. 

2. Prevent the motor from stopping at any point in its travel 
except the two ^ revolution extremes. 

These limiting functions are accomplished through the 
use of a special type of maintaining switch built into the 
power unit. This switch consists of a cam fastened to the 
drive shaft of the power unit and two sets of electric con- 
tacts. As soon as the motor operating circuit has been 
completed by the controller action the cam acts to close 
a contact and establish a holding circuit. This circuit is 
maintained until the shaft has rotated through 180 
angular degrees and is then broken. Thus the motor once 
started cannot stop until it has completed one-half of its 
complete cycle. 



Drop in Temperature 




Figure 2 



On a drop in temperature: 

1. The thermostat blade engages the B contact. 

2. A circuit is completed as shown by the solid lines and 
arrows. 

3. The motor is energized and starts to rotate the shaft 
in a clockwise direction. 
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SERIES 20* CONTROL CIRCUIT 



Maintaining Circuit Established 



Rise in Temperature 
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The maintaining switch cam rotates with the drive shaft 



and closes contact Si. 



1. A circuit is established through Si and Sa. This circuit 
is independent of the thermostat and will maintain the 
current to the motor regardless of action at the ther- 
mostat. 



2. If the thermostat blade remains engaged with the B 
contact a small amount of current will continue to pass 
through it. Due to increased resistance in this path, 
however, the balance of the current will pass through the 
maintaining circuit. 



On a rise in temperature the thermostat blade moves to 
the right and engages the W contact: 



1. A starting circuit is completed as shown. 



2. The motor starts to rotate in a clockwise direction. 



Maintaining Circuit Re-established 



Maintaining Circuit Breaks 
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Figure 4 



When the motor shaft has rotated 180 angular degrees 
the cam breaks contact S, of the maintaining switch. 

1. All circuits are now incomplete. 

2. The motor stops. 
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.-J 



As the shaft rotates switch Sj is closed by the cam and 
the maintaining circuit is re-established. 



When the motor has completed a 180** revolution the 

maintaining circuit is again opened (see Fig. 1) and the 

motor stops. It has now finished a complete cycle. 
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SERIES 30 APPLICATION 

Low Yoltage Series 30 control equipment may be used 
for any application where it is necessary to: 

1. operate relays from single pole double throw controller units 

Series 30 control equipment is partially but not com- 
pletely **fail-safe" in its operation. In the event of a 
leral power failure a relay of this construction will be 
automatically de-energized. However, should a control 
circuit disorder develop it is possible to lock the relay in 
an energized position for an indefinite period of time. For 
this reason Series 30 control application is not recom- 
mended for installations where continued operation might 
constitute a hazard. 

A complete Series 30 control circuit may be obtained by 
combining any Series 20 controller with a special relay 
of Series 30 construction. 



SERIES 30 EQUIPMENT 

Controllers 

Any Series 20 controller of either open contact or mer- 
cury SNvitch type construction may be used. 

Relays 

Series 30 relays include: 

1. Separate low yolta^e starting and stopping circuits. 

2. Low Toltage maintaining circuit. 

3. Bullt-ln transformers. 

4. Line yoltage load contacts. 

Since Series 30 relays are constructed to operate with 
Series 20 controllers, special provision must be made to 
provide separate starting and stopping circuits. This is 
accomplished by using two magnetic coils. One coil is 
utilized to produce the magnetic force required to pull in 
the movable armature. The second coil, energized by the 
stopping circuit, produces an equal magnetic effect but is 
wired in such a manner that it will oppose the effect of 
the first coil. This opposition of forces will neutralize the 
total magnetic effect upon the armature and allow it to 
drop out. 



SERIES 30 OPERATION 




LOAD 



Figure 1 

Fig. 1 illustrates a complete Series 30 control circuit. 
The equipment utilized includes: 

1. A Series 30 open contact room thermostat. 

2. A Series 30 relay. 



The thermostat is shown in a satisfied position and all 
circuits are de-energized. 

Coil number 1 is energized to pull the armature into a 
closed position and coil number 2 provides the bucking 
effect required to de-energize the relay. 

Contact number 1 is used to complete the relay holding 
circuit and contact number 2 is used to switch the load 
under control (usually a motor). Contacts number 1 and 
2 are attached to the movable armature in a manner 
similar to that described under the discussion of Series 10 
relays. 

The following diagrams illustrate the progress of cir- 
cuit action on a change in temperature at the thermostat. 
Solid lines indicate wires through which current is pass- 
ing; dotted lines indicate inactive circuits. 

In order to simplify the explanation, all line voltage 
circuits have been omitted and it should be noted that: 

1. Current is supplied continuously to the control transformer. 

2. The load contact is closed whenever coil number 1 is eneri^ized. 



Temperature Drop 




Figure 2 

On a drop in temperature the blade of the Series 20 
thermostat moves to the left and engages contact "B". 

1. A circuit is completed as shown by the solid lines and 
arrows. 

2. Coil number 1 is energized. 



Holding Circuit Established 




Figure 3 



As coil number 1 is energized, the relay armature is 
pulled in. 

1. Contact number 1 is closed and a direct circuit from 
the transformer through contact number 1 and coil 
number 1 is established. This new circuit constitutes 
the holding circuit. 
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SERIES 30* CONTROL CIRCUIT 



Slight Temperature Rise 
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Fip:ure 4 

In response to a slight rise in temperature: 

1. The thermostat blade moves to the right away from 
contact "B". 

2. The starting circuit (shown in Fig. 2) is op^ed. 

3. The holding circuit remains energized. 

4. The armature is held in place and contacts number 1 
and 2 remain closed. 



Further Temperature Rise 
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Figure 5 



As the temperature continues to rise: (Fig. 5) 

1. The thermostat blade moves to the right and engages 
with contact "W". 

2. A circuit is established through the thermostat and 
coil number 2 as indicated by solid lines and arrows. 

3. Coil number 2 is energized and neutralizes the effect 
of coil number 1. 



Holding Circuit De-energized 
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Figure 6 



As the magnetic effect of coil number 1 is neutralized 
by coil number 2: 

1. The armature drops out. 

2. The holding and load circuits are broken. 

3. All equipment is de-energized. 



SERIES 40* CONTROL CIRCUIT 



SERIES 40 APPLICATION 

''Series 40" is the term used by Minneapolis-Hone>'\vell 
in classifying the electrical construction which permits the 
switching of line voltage electrical loads by means of a 
single pole single throw contact mechanism. In the 
operation of Series 40 circuits the load, such as a motor, 
relay, resistance or lights, is energized when the switch is 
closed and is de-energized when the switch is open. This 
arrangement is, of course, the simplest in principle. Nor- 
mally in control use, the Series 40 controllers operate the 
load directly, but in the instance of loads that exceed 
the rating of the controller, a simple intermediate relay 
may be inserted between the controller and the load. 
A further variation occurs in circuits where the load re- 
quires double or triple pole switching, in which case the 
single pole single throw controller may operate the closing 
coil of an intermediate relay, the load contacts of which 
may be adapted to the requirements of the load. 

Scries 40 controllers always operate at line voltage and 
therefore require wiring enclosed in conduit or armored 
cable (BX). Wiring costs with Series 40 thus tend to be 



higher than with low voltage systems if long jiins of 
wiring are involved. However, in the case of short runs 
or where the conduit may be run exposed, the added wiring 
cost may be less than the cost of reducing the control 
circuit to low voltage by means of a transformer. 

Series 40 control is another variety of two-position or 
on-and-off control and involves two-wire control circuits. 

Series 40 relays consist of a pilot operated at line volt- 
age which operates an armature carrying one or more 
"in" or "out" contacts capable of operating the load. 

A simple Series 40 circuit is shown below. 



CONTROLLER 




* Trade Mark 



MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 



Sec. 3 
9 

SERIES 80* CONTROL CIRCUIT 



SERIES 80 APPLICATION 

There are applications of control requiring two-position 
operation in which it is desirable that low voltage two- 
wire controller circuits be utilized. The principal reason 
for the low voltage requirement is the lowered cost of 
installing the controller wiring, particularly on long runs. 
The reason for the two-wire controller circuit is to permit 
control from units involving single pole single throw 
contact mechanisms. 

The Minneapolis-Honeywell circuit which provides low 
voltage two-wire on-and-off control is the Series 80 Cir- 
cuit. The principal units of the Minneapolis-Honey\vell 
line utilizing the Series 80 Circuit are Solenoid valves 
such as the V837A Water Valves and the M87A Motor. 
A typical circuit using the Series 80 principle with solenoid 
valves is illustrated here. 




In view of the fact that no holding circuit is used and 
further because the contact is a single pole arrangement, 
the controller must be either of the snap acting or mer- 
cury switch type m order to avoid super-sensitivity. Slow 
moving single pole contact mechanisms should be avoided. 



SERIES 60" CONTROL CIRCUIT 



SERIES 60 APPLICATION 

The Series 60 control circuit is similar in its operating 
effect to the Series 20 discussed on page 5. 

The difference between the two circuits lies in the fact 
that Series 60 control equipment is designed primarily for 
line voltage application. Because the controllers and 
power units are required to handle line voltage current, it 
is necessary that they be constructed especially for this 
heavy duty type of service. 

Series 60 systems are usually applied to: 

1. Industrial applications usin^ line voltage equipment. 

2. Installations where sinf^le pole double throw control of line 
voltage circuits is required. 

A basic Series 60 circuit may be obtained by combining 
a controller unit of the heavy duty single pole double 
throw type with a line voltage control motor. The motor 
must include a maintaining switch mechanism. This sys- 
tem may be expanded to include limit controls of various 
ty-pes should they be required. 

SERIES 60 EQUIPMENT 

Controllers 

Series 60 controllers may take any of the following 
forms: 

1. Room thermostats. 

2. Insertion thermostats. 

3. Pressure controllers. 

4. Humidity controllers. 



These control units are usually of the mercury switch 
type and are designed to provide single pole double throw 
switching action. 

Motor Power Units 

Series 60 power units consist of a small motor operating 
directly from line voltage current. This motor delivers 
power through a gear train to a drive shaft which may in 
turn be mechanically interconnected with dampers or 
valves. 

Inasmuch as the desired result is two-position control, 
jt is necessary that the action of the crank arm be divided 
into two half revolution steps between which the motion 
shall cease. This action is accomplished through the use 
of a maintaining switch similar in action to that described 
under the discussion of Series 20 control units. 



SERIES 60 OPERATION 

Because of the close similarity between the operating 
characteristics of the Series 20 and Series 60 circuits, no 
complete circuit description of the latter has been 
included. 

Although the mechanical construction of the two types 
of equipment is somewhat difTerent due to the type of 
service demanded from each, their basic design is almost 
identical. 

^ For a complete analysis of this fundamental operating 
circuit, refer to page 5 under the discussion of Series 20 
control circuits. 



SERIES 60* FLOATING CONTROL CIRCUIT 



SERIES 60 FLOATING APPLICATION 

The action of this circuit differs from all of those 
previously discussed in that it does not provide two- 
position operation. Series 60 floating control is usually 
applied to: 

L Motorized valves used on tank level control systems. 
2. Motorized dampers used for static pressure re(lulation. 

There are no fixed number of positions in floating 
control as it is the intent that the load, i. e., valve, 
damper, etc., be allowed to assume any position from one 



extreme of motion to the other so long as the controlled 
factor remains between the limits of the controller. 

In further explanation of this operation consider a 
motorized louvre damper installed in a fan heating sys- 
tem, throttling the supply of air to the fan intake. The 
damper is controlled by a static pressure regulator which 
measures the air pressure in the distributing duct. Should 
the static pressure within the ducts change, the static 
pressure regulator will measure this change and in turn 
re-position the louvre damper ahead of the fan and bring 
the static pressure back within the control range. 
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SERIES 60* FLOATING CONTROL CIRCUIT 



Whereas under two-position control the louvre damper 
would be either full open or full closed depending on the 
amount of pressure in the duct, floating control puts no 
such limitation on the damper position. Under floating 
control the damper will stand still in any position which 
will continuously pass sufficient air to the fan to maintain 
the duct pressure between the required limits. If the air 
passing through the damper is insufl^cient to maintain this 
pressure and the pressure falls to the lower limit, the 
controller will open the damper further, thus increasing 
the air delivery until the pressure returns to some point 
between the upper and lower limits. If the pressure level 
is held, the damper will remain stationary, but if the 
increased delivery of air causes the pressure to rise above 
the upper limit of the pressure controller, the controller 
again steps in, this time to cause the damper to move 
toward the closed position. The damper will, however, 
move either open or closed only so long as the pressure 
at the controller is below or above the set limits. 

In other words, there is no holding or "maintaining 
switch" action, hence the damper is not required to run 
to its limits and can stop an>^vhere. Thus it is said to 
"float** between the limits of its travel as the controller 
holds the pressure between predetermined limits. Some 
further observations relative to the use of floating control 
will follow a study of how the equipment and circuits 
function. 



CONTROLLER 



SERIES 60 FLOATING EQLTPxMENT 
Controllers 

Series 60 floating controllers are similar in construction 
to those used in either Series 20 or Series 60 circuits. 
They are arranged to provide a single pole double throw 
switching action and are normally used for low voltage 
application. 

Motor Power Units 

The Series 60 floating control motors are constructed 
with : 

1. Reversible capacitor type power units. 

2. Limit switches to limit the rotation of the crank arm. 
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Figure 1 



A schematic sketch of the power unit showing the coils 
and condenser together with their interconnections, is 
fihown in Fig. I. The red or common terminal, is connected 
to one side of the lino. When power from the other side of 
the line is fun led to either the W or B terminal, the 
motor will operate. When power is furnished thru the W 
terminal, the motor runs in one direction and when power 
is furnished thru the B terminal, the motor runs in the 
dpposite direction. 
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Figure 2 shows how the single pole double throw con- 
troller can furnish power to either the B or W terminal of 
the motor. If the controller is so positioned that the W 
terminal is energized, the current will flow directly through 
the W* winding, and will flow to the W\ winding thru 
condenser M. This will cause the motor to revolve in one 
direction. If current is supplied to terminal B, winding 
Wi will be energized directly, and winding Wa will be 
energized through condenser M, which in turn will cause 
the motor to revolve in the opposite direction. When there 
is no power being furnished to either the white or the blue 
terminal, the motor will remain stationary 

Limit switches are included on floating motors so that 
the circuits from the white and from the blue terminals to 
the motor windings can be broken when the output shaft 
of the motor reaches a certain point in its rotation. In 
this way the stroke of the motor is limited to 160 angular 
degrees. 

SERIES 60 FLOATING OPERATION 

Fig. 2 illustrates a complete Series 60 floating control 
circuit. The equipment used includes: 

1. Static PrcMure Regulator. 

2. Series 60 Floating control motor. 

The static pressure regulator is so arranged that as the 
pressure rises the instrument will make its contact from 
red to white. As the pressure drops the instrument will 
close the circuit from red to blue. 

The damper motor in this case will be arranged so that 
if power is applied to its red and blue terminals, the 
volume damper in front of the fan will open. In this 
way more air will be supplied to the fan and a higher 
pressure will be maintained in the discharge ducts. 

^^ n the equipment is connected together as illustr d 
in Fig. 2, the motor will remain at re<?t whenever the 
* * I • ' in the d ' is the same as the ting of the 
. .....c pressure regulator. As this pressure drops, the static 

pressure regulator will make its blue contact which will 
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SERIES 60* FLOATING CONTROL CIRCUIT 



start the motor operating in a direction to open the fan 
damper and thereby increase the pressure in the discharge 
duct. When the pressure has risen to the setting of the 
static pressure regulator again, the blue contact will be 
broken and the motor will stop. 

If the pressure in the discharge duct, due to unusual 
conditions, does not rise far enough to break the blue 
contact, Limit Switch S, will break its contact when 
the motor has come to the end of its IGO"" stroke. This 
makes it impossible for damper linkages and dampers to 



become damaged as a result of the damper motor over 
traveling. 

If the pressure in the supply duct rises above the setting 
of the static pressure regulator, the white contact of the 
regulator will be made. This will run the damper motor 
toward its closed position. When the static pressure in 
the duct drops again, the white contact will be broken 
and the motor will stop. Limit switch Sa has the same 
action, of course, as Limit switch Si and will make it im- 
possible for the motor to over travel on the closing stroke. 



SERIES 90" CONTROL CIRCUIT 



SERIES 90 APPLICATION 

The Series 90 control circuit provides modulating, or 
proportioning, control action and may be applied to: 

1. Motorized Valves. 

2. Motorized Dampers. 

3. Sequence Switching Mechanisms. 

The Series 90 circuit operates to position the controlled 
device (usually a damper or motor valve) at any point 
between full open and full closed which will proportion 
the delivery to the need as indicated by the controller 
mechanism. 

Modulating control is not subject to the operating lim- 
itations normally associated with two-position or floating 
control. 

For example: 

1. In two-position control a power unit, once energized, 
is limited in its operation by the action of the main- 
taining switch. It must run to one of its extreme 
positions and remain there until conditions at the 
controller have changed through the entire range of 
its differential. 

2. In floating control a power unit, once energized, is 
limited in its operation by the length of time neces- 
sary to have the change in its position reflected at 
the controller location. 

3. In modulating control a power unit, once energized, 

will run only enough to vary the supply in direct 
ratio to the amount of change in the controlled con- 
ditions. If a Series 90 thermostat having a 2 degree 
differential is used a change of 1/10** will cause the 
power unit to move 1/20 of its total travel. A change 
of 1/2" will cause a change in motor position of 1/4 
of its total travel. Series 90 power units move a 
definite increment for every increment of change in 
controller position. 

A complete Series 90 circuit may be obtained by com- 
bining any Series 90 controller with a motor power unit 
or relay constructed for proportioning action. Limit 
controls may be added where required and automatic 
compensation may also be provided. 

SERIES 90 EQUIPMENT 

Controllers 

Series 90 controllers are constructed as: 

1. Room Thermosrats 

2. Insertion Thermostats 

3. Humidity Controllers 

4. Pressure Controllers 

Controllers for the Series 90 circuit vary from the con- 
tact types of mechanism in that the electrical mechanism 
consists of a variable potentiometer. These potentiometers 



include a contact finger which moves across a 135 ohm 
coil of resistance wire wrapped on a suitable bobbin. The 
contact finger is actuated by temperature, pressure, oi 
humidity sensitive mechanisms. 

Motors 

A Series 90 motor consists of the following: 

1. Reversible capacitor type power unit. 

2. Balancing Relay. 

3. Balancing Potentiometer. 

The power unit is a low voltage capacitor type motor 
which drives the output shaft of the motor thru a speed 
reducing gear train. Limit switches are operated by the 
shaft so that its rotation is limited to 160 degrees. The 
gear train and all other moving parts are oil immersed to 
eliminate the necessity for periodic lubrication, and to 
insure long quiet service. 




Figure 1 



The power unit is started, stopped and reversed by the 
single pole double throw contacts of the balancing relay 
(See Fig. 1). The balancing relay consists of two solenoid 
coils with parallel axes, and a U-shaped armature. The 
armature is pivoted in the center and each leg extends 
into the hollow core of one of the solenoid coils. 

A contact arm is fastened to the armature so that one 
or the other of two stationary contacts can be made as the 
armature is moved back and forth on its pivot by the action 
of the relay coils. When the relay is in a balanced con- 
dition, the contact arm floats between the two stationary 
contacts. 

* Trade Mark 
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li. balancing potentiometer is also included within the 
iinusing of a modulating Series 90 motor. This potentio- 
meter is electrically identical with the one in the series 
90 controller. It consists of a 135 ohm coil of wire wound 
on a bobbin. A contact finger operated from the shaft of 
the motor wipes the potentiometer coil (See Fig. 2). 

SERIES 90 OPERATION 

Balancing Relay 

Figure 1 illustrates the function of the balancing relay 
in the Series 90 circuit. When the same amount of current 
is flowing through both coils of the relay, the contact 
blade will be in the center of the space between the two 
contacts and the motor will be at rest. 

Changes in the conditions at the controller (controller 
not shown in this sketch) will affect the circuit so that 
the amount of current flowing through the two relay coils 
will not be identical. Whenever the current through these 
two coils becomes unbalanced, one of them will become 
stronger and the U-shaped armature will be moved. The 
movement of the armature will close one of the relay 
contacts which in turn will start the motor r\inning in the 
proper direction. 

If coil Ci becomes the stronger, the contact blade will 
be moved toward the left, making a circuit from one side 
of the transformer directly to motor winding Wi. Cur- 
rent will also be furnished to motor winding Wj thru the 
condenser M. The motor will then operate in one direction 
until the contact at the balancing relay has been broken. 

Likewise if coil C2 becomes the stronger of the two coils, 
the right hand contact will be made and winding Wj will 
be powered directly while winding Wi of the motor is 
powered through condenser M. This will cause the motor 
to revolve in the opposite direction. 

Motor Balancing Potentiometer 

The motor shaft is linked to the potentiometer wiper 
in such a manner that there is a definite wiper position 
for each position which the motor shaft may take up 
within its 160° arc. For example when the motor crank 
arm 25% or 40 rotational degrees from one of its 
extremes, the potentiometer wiper will be at a point 25% 
or 34 ohms from its corresponding extreme. 

Control Circuit 

Ficrures 3, 4, and 5 show schematically the complete 
circuit as used with Series 90 equipment. 

Consider an instantaneous condition when the current 
is flowing from the transformer to the wiper blade of the 
thermostat as indicated by the arrows in the sketches. In 
Figure 3. when the current reaches the potentiometer 
ding of the controller, it will be split evenly so that 
half the current flows down the right leg of the circuit, 
thru K„ thru balancing coil Ci, thru part of the balancing 



potentiometer on the motor R4, and back to the other 
terminal of the transformer. Likewise, the other half of 
the current will flow down the left leg of the circuit, thru 
Ri of the thermostat potentiometer, thru balancing relay 
coil Ci, thru Rt of the motor balancing potentiometer, and 
thence back to the transformer. 
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Figure 3 



Figure 3 shows an entirely static condition of the 
system. Equal amounts of current are flowing down both 
sides of the circuit because the total resistance in each 
leg is equal. Therefore the balancing relay contact arm 
is floating between its two contacts. Since no power is 
being furnished to either winding of the motor the circuit 
to the motor windings is shown dotted. The motor will be 
at rest. 

Figure 4 shows a condition where the temperature has 
changed and as a result the wiper arm of the thermostat 
has travelled toward the right hand extreme of its poten- 
tiometer winding. The amount of resistance to either side 
of the thermostat wiper is no longer equal. Ri on the 
left side of the potentiometer winding is greater than R. 
which represents the right hand portion of the coil. 

Again consider an instantaneous condition just after the 
wiper of the thermostat has moved to this new location 
toward the right end of its potentiometer. The re ' * 
path on the right hand side of the circuit is considerably 
less than the resistance path on the left hand side. It 
follows then that more current will flow down the right leg 
of the circuit because the current will follow the path of 
least resistance. This is indicated by the heavy arrows 
roprr nting the current in the right leg of the circuit as 
opposed to the dotted arrows representing the current in 
the left leg. 

* Trade Mark 
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Figrure 4 



Since there is more current now flowing thru balancing 
relay coil Ca, this coil will over-balance the pull of relay 
coil C. and a circuit thru the right hand contact of the 
balancing relay will be made. Current will now be fed 
directly to motor winding Wj and will cause the motor to 
run in the corresponding direction. The wiper of the motor 
balancing potentrometer as indicated in the sketches is 
linked directly to the shaft of the motor. As the motor 
shaft starts to rotate, it moves the wiper arm of the 
balancing potentiometer to a new position. 

Figure No. 5 shows another instantaneous condition of 
the system after the motor shaft has moved the balancing 
potentiometer wiper to a position which is identical with 
the position of the potentiometer wiper in the thermostat. 
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Figure 5 



At this condition the right hand side of the balancing 
potentiometer will have a resistance value identical with 
the left hand side of the thermostat potentiometer, which 
means R, equals R^. Likewise Ra of the motor balancing 
potentiometer will equal R, of the thermostat potentio- 
meter. When this condition has been reached, the current 
flowing thru both legs of the circuit will be identical and 
therefore the balancing relay coils Ci and Ci will have an 
equal eff'ect on the armature. The armature will then cease 
to make contact and the motor will again come to rest. 

By careful analysis of these diagrams, it can be seer 
that the motor will run until the wiper of its balancing 
potentiometer has reached a point on the winding which 
is identical with the position of the control wiper blade. 
As soon as this point is reached, the balancing relay coils 
will balance out and the motor will come to rest. 
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The preceding sections have described and illustrated 
the purpose and operation of the various basic control 
circuits. 

In actuar application these basic control arrangements 
are frequently expanded to make provision for added 
refinement, such as: 

1. High limit protection. 

2. Low limit protection. 

3. Compenstated Control. 

4. Positive cycling sequence. 

When extra control units are provided for these pur- 
poses it becomes necessary to consider the manner in 
which they should be connected into the basic circuit. 

A few of the more common applications have been 
selected and the electrical interrelationship between pri- 
mary and limiting control units for these are discussed in 
the following paragraphs. 

It should be remembered that in all of these applica- 
tions the basic control circuit operation remains 
unchanged. 

SERIES 10 

The accompanying connection diag^rams illustrate the 
manner in which various Series 10 controllers and relays 
or other Series 10 devices may be wired together to obtain 
a given result. 
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Figure 1 

Figure 1 shows a typical Series 10 circuit similar to 
that described on page 49 to which has been added a **high 
limit" control. The relay may be used to start and stop 
an automatic oil burner or stoker on a residential heating 
system at the command of the thermostat located in one 
of the rooms. The high limit control serves to prevent 
execessive temperatures in the furnace or boiler. 

It can be a that the Series 10 relay pulls in when- 
ever the thermostat contacts "W" and ''B" are closed. 
The holding circuit is completed which will maintain the 
relay enerirized through **R" and "W." If the thermostat 
is satisfied, the "W" conUct breaks, dropping out the 
relay. 

With the relay energized, it can be seen that when- 
r ah ' " lit condition exists, such as temperatures or 
pressure above the desired point, a mercury switch con- 
trol interrupting the power supply to the relay will cause 
the ) y to drop out and the circuit to thp automatic fuel 
burner will thereby be interrupted. 
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Figure 2 

Fig. 2 is similar to Fig. 1 w4th the exception that the 
high limit control is located in the low voltage control 
circuit. The differential is obtained in the mercury 
switch because its inherent construction requires a change 
in temperature of several degrees before the bi-metal 
sensitive element will tip it from the **on" to the **off" 
position or vice versa. It is therefore necessary to break 
only the white wire circuit to prevent the thermostat from 
operating the burner. It will be noted that although the 
limit control is equipped with two sets of red, white and 
blue terminals to simplify the wiring, the mercury switch 
breaks only the white wire. Jumpers are connected in- 
ternally in the blue and red wires. 



LOW LIMIT CONTROL 
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Figure 3 

Fig. 3 illustrates the use of an open contact type 
limit control in the circuit so that it will operate as a 
low limit. It then operates to start the burner or stoker 
independently of the room thermostat, wlienever the tem- 
perature drops below the point for which the low limit is 
set, however, both controls must be satisfied before the 
burner will stop. Note that when a jumper is placed 
across the upper red, white and blue terminals of the 
limit control as in Fig. 3, the control becomes similar in 
its internal wiring, to a room then) tat. with the two 
blades electrically connected together with the lower red 
terminal. It could, therefore, operate the relay without 
the use of a then tat, and is very often used for that 
purpose. The control circuits of Fic^s. 1 and 3 are often 
combined to satisfactorily control a heating plant. A high 
limit control is used to p iter or furnace 

temperatures, while the low limit is used to maintain the 
proper temperature of water in hot water supply tank. 
The c t sh( in Fig. 1 is then used, with the low 
limit control wired in parallel with it (color to color) 
between the room thermostat and high limit control. 
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Figure 4 

Fig. 4 illustrates how a mercury switch control may be 
connected to operate as a low limit. Note that only the 
blue and white terminals are used. 

HIGH AND LOW LIMIT CONTROL 

A Series 10 relay or valve may be operated by a two- 
ire thermostat or controller, either alone or in con- 
junction with other two-wire thermostats or controllers. 
In all cases, however, the controller must be of the 
mercury switch type or one equipped with contacts that 
"snap" open or closed by means of a magnetic or spring 
action. 
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Figure 5 

Fig. 5 indicates the method of connecting up a room 
thermostat, low limit and high limit, all of the two-wire 
type, to operate a Series 10 device. 

SERIES 20 

Figures 1 to 4 show various combinations of Series 20 
controllers and limit controls. The construction and opera- 
tion of Series 20 and Series 10 open contact type limit 
controls are identical except that the stationary contacts 
of the Series 20 control are placed on either side of the 
movable blades. 
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Referring to Fig. 1, when the temperature at the limit 
control is below the setting, the circuit between the two 
blue terminals of the limit control is completed. It will be 
noted, then, that the connections between the thermostat 
and motor run straight through, just as they would if the 
limit control were entirely removed from the circuit. Thus, 
the thermostat is placed in complete command of the 
motor. 

If the temperature of the medium actuating the limit 
control should be increased an amount equal to the differ- 
ential, above the temperature at which the blue contacts 
were closed, the blue circuit would be opened and a "short" 
placed between the red and white circuits. The high 
limit control, therefore, definitely drives the motor to the 
closed position, even though the thermostat may be calling 
for heat, since the opening circuit (blue circuit) is broken 
in the limit control. 

This combination of controls is commonly used with 
hand-fired heating plants, in which case the thermostat 
and motor act to control the opening and closing of the 
draft and check dampers. The high limit control is placed 
in the furnace bonnet or boiler and operates to close the 
draft damper whenever the bonnet or water temperature 
exceeds a predetermined high limit. 



LOW LIMIT CONTROL 
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Figure 2 

In Fig. 2 the limit control is connected as a low limit 
and will operate the motor to the open position when 
subjected to a temperature below that for which it is set, 
even though the thermostat may be calling for the motor 
to go to the closed position. The low limit control may 
then operate similarly to the Series 10 low limit pre- 
viously described, to maintain the required temperature 
in a hot water supply tank. The limit control in Fig. 2 
is of the mercury tube type; however, it will be noted that 
the switching action is identical to that of the open con- 
tact type. Both types are in common use for the same 
purpose. 
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Figure 3 

A three-wire mercury tube type low limit control is 
shown in Fig. 3 in conjunction with the Series 20 ther- 
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mostat and motor. The 3-wire tube is commonly used in 
vapor-tension operated controllers, both in the room type 
as well as the remote bulb type. The function of the 
limit control in this circuit is similar to that of the one 
in Fig. 2. The switching action, however, is slightly dif- 
ferent in that when the limit control closes the blue circuit 
to the motor on a demand for heat, it breaks the red 
instead of the white circuit to the thermostat. 

MANUAL SWITCH CONTROL 



SERIES 20 
0/>^ MANUAL SWITCH 

< 0 




RELAY 



FAN 
MOTOR 




SERIES 20 
MOTOR 



(i) ® ® 



Figure 4 

In Fig. 4 a relay with a Series 20 switching action is 
shown operating in conjunction with a manually operated 
Series 20 switch. This combination of controls might be 
used in connection with a fan ventilating system, for con- 
trolling the vent damper. In this system the relay coil 
is connected to the motor side of the fan starting switch, 
so that the "common'' and ''in*' contacts of the relay will 
be closed when the fan is running. In this position, the 
relay places the manual switch in control of the vent 
damper motor. If, however, the ventilating fan is shut 
down, and the operator neglects closing the damper by 
means of the manual control, the relay, in dropping out 
will automatically close it and thereby prevent outdoor air 
from entering the building through the ventilating shaft. 

SERIES 30 

The method of wiring a limit control into the circuit 
of a Series 20 controller and Series 30 relay is shown in 
Fig. 1. 
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Figure 1 



It will be noted that a standard Series 20 limit control 
IB used for this purpose and that the connections betw^^^^ 
all terminals are identical with those of the Series 20 
circuits. 
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Figure 1 



Fig. 1 illustrates a typical Series 40 control circuit which 
might be used where it is desired to control a unit heater 
from a room thermostat. It is usually necessary to provide 
some means of preventing the heater fan from running 
unless heat is being supplied to the heater coUf in order 
to avoid uncomfortable drafts which might result from 
the circulation of unheated air. This may be accom- 
plished by mounting a pressure control in the steam 
supply to the unit heater and connecting it in series with 
the thermostat and motor as shown in Fig. 1. The pres- 
sure control should be of the reverse acting type. 
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The circuit showTi in Fig. 2 is that of a two-wire con- 
troller and limit control operating a Series 80 solenoid 
valve. Note that the two circuits are identical except that 
in the Series 80 circuit the power supply is obtained 
through a transformer. In either the Series 80 or Series 
40 control systems the controls must be equipped with 
snap acting or mercury tube contacts in order to prevent 
supersensitive operation or short cycling. 
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Figure 8 



Low limit controls in either Series 40 or Series 80 con- 
trol circuits are connected in parallel with the controller 
as shown on Fig. 3. With this type of connection the low 
limit controller can complete the circuit through the valve 
even though primary control unit is in the "off" po^ )n. 
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The control circuit for a two-stage controller is shown 
in Fig. 4. This controller is commonly used in connection 
with a fan cooling system to turn on two stages of refrig- 
eration in sequence. On a rising temperature, the 3-wire 
mercury tube first closes the circuit between "C" (com- 
mon) and **L" (low), opening the first stage refrigerant 
valve. If the temperature continues to rise, the mercury 
tube tilts further, closing the circuit to "H" (high) and 
energizes a circuit to open the second stage refrigerant 
valve. 



SERIES 60 

Combinations of Series 60 controls are connected in 
the same manner as Series 20 controls except that a line 
voltage instead of a low voltage power supply is used. 
The controls must be of the mercury tube or snap acting 
type in order to prevent arcing of contacts switching the 
line voltage loads. 

SERIES 90 

Among the most frequently used of the Series 90 con- 
trol combinations are those shown in the accompanying 
diagrams. 



LOW LIMIT CONTROLS 

The most common use of the low limit control with 
Series 90 Modulating equipment is on central fan ventilat- 
ing or air conditioning systems where the heating surface 
is controlled from a room thermostat or a return air con- 
troller. The temperature of a space can rise rather rapidly 
as a result of solar radiation, increased occupancy, etc. 
Under these conditions the room controller will become 
satisfied and will close down the steam valve on the heat- 
ing coil. 

If the system is taking a proportion of outdoor air, it 
is quite probable that after the steam valve has been closed 
the temperature of the discharge air from the conditioner 
will drop to a rather low level. The system should be 
capable of discharging cool enough air to afford cooling 
during the winter. However, if air is discharged at temp- 
eratures below 60** or 65®, cool drafts are apt to occur in 
certain parts of the space. 

A low limit controller in the discharge duct is usually 
added to this type of conditioning system to limit the 
temperature of the discharge air. This controller takes 
over the operation of the steam valve whenever the tem- 
perature of the discharge air falls to an uncomfortable 
level. 

Two types of low limit controllers are available. If a 
low limit instrument with a 135 ohm resistance is used, 
it will be capable of opening the valve to only 50% of its 
total capacity. If a 270 ohm resistance is included in 
the low limit controller, the instrument will be able to 
open the valve completely. Generally 50% opening of the 



steam valve by the low limit control provides sufficient 
heat. It has been found that 50% opening usually gives 
more satisfactory control during those periods when the 
steam valve is being controlled by the low limit instrument. 
The following discussion and sketches will refer to the 
135 ohm low limit controller which opens the valve to 50% 
capacity. 
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Figare 1 



Fig. 1 shows the external wiring connections between a 
room thermostat, a low limit controller, and a motorized 
valve. 
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Figure 2 



Fig. 2 shows the schematic wiring of the Series 90 
control circuit which includes a low limit control. This 
sketch shows the low limit control as being entirely 
satisfied. The wiper of the instrument is at the extreme 
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W or warm end of the potentiometer winding, indicating 
that the temperature of the discharge air is above the 
setting of the instrument. Under these conditions the con- 
troller is free to operate the motor in exactly the same 
manner as with the straight Series 90 circuit described in 
the section under ''Control Circuits". 

So long as the low limit controller remains in this sat- 
isfied position, its potentiometer winding ^vill have no 
enect on the balance or unbalance of relay coils Ci and Cz. 
The relay coils will be affected entirely by the action of 
the potentiometer in the room controller and the balanc- 
ing potentiometer of the motor. 



w 



B 



CONTROLLER 
POTENTIOMETER 
135 OHMS 





LOW LIMIT 
CONTROL 



BALANCING 
RELAY 



C, 





COrjTROLLER 



MOTOR 
BALANCING 
POTENTIOMETER ^ 
135 OHMS 





TRANSFORMER 



MOTOR 
SHAFT 



Figure 3 



Fig. 3 illustrates a condition where the room tempera- 
ture is above the setting of the room controller so that its 
contact blade is making a circuit directly to the W end 
of the coil. While the low limit control remains satisfied 
the steam valve will be completely closed as indicated by 
the position of the balancing potentiometer wiper which 
is contacting directly the B end of its coil. 

If the system is taking in outdoor air the temperature 
of the discharge from the conditioner will start to drop. 
As the temperature approaches the setting of the low limit 
controller the wiper of the instrument will be moved away 
from the "W" end of the coil. The new position of the 
contact is dotted in Figure 3. 

It will be assumed that the wiper has been moved to a 
position 259r of its total travel across the coil. This point 
will split the coil so that there will be 33% ohms to the 
right between the wiper and the **W" extreme. Actually 
this introduces a new resistance of 33% ohms into the 
left hand leg of the complete circuit. The left leg of the 
circuit consists of that portion of the controller potentio- 
meter which is to the left of its wiper plus the low limit 
control, plus relay coil Ci, plus that portion of the balanc- 
ing relay coil which is to the left of its wiper. Like^ 
the right leg consists of everything in the control circuit 
which lies to the right of the two potentiometer wipers. 

The circuit will immediately become unbalanced because 
more current will be flowing down the right leg thru relay 



coil Ca than will be flowing down the left leg thru coil Ci. 
Coil Cj will exert more force on the relay armature so that 
one of the motor contacts will be made. 

The motor will start to run as soon as the relay contact 
closes and the balancing potentiometer wiper will then be 
moved toward the center of the coil. As the wiper moves 
away from the B end of the coil the right leg of the circuit 
gains exactly the same amount of resistance as the left 
leg loses. The motor will of course continue to run until 
both sides of the circuit have exactly the same amount of 
resistance, and the relay coils have balanced each other. 
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Figure 4 shows the interconnections between the main 
thermostat control, a high limit controller and a modulat- 
ing motor. This circuit is often used on a central fan 
heating system where there is danger of stratification if 
the discharge temperature rises too high. The high limit 
control will step in and start to throttle the steam valve 
whenever the temperature rises too far. 
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Figure 6 shows the schematic high limit circuit. This 
circuit is very similar to the low limit circuit except that 
the limit control in this case is connected into the B leg of 
the control circuit. The operation of the circuit is exactly 
the same as the low limit. 

As the temperature of the discharge air rises, the wiper 
of the high limit control will move across its potentio- 
meter from the B toward the W side. As this takes place 
new resistance is placed in the right hand or B leg of the 
circuit. Relay coil Ci then becomes energized more 
strongly than Ca and the contact is made which will run 
the motor toward the closed position. The motor will run 
until the balancing potentiometer wiper reaches a position 
where the circuit is again in balance. 

Two Position Limit Controls 

Series 80 (or 40) high or low limit controls may be 
used in conjunction with Series 90 controls, where it is 
unnecessary or undesirable that the limit controller oper- 
ate with a modulating action. In all cases, however, it is 
very important to note that they must not be used where 
the temperature of the air in which they are located is 
affected to any great extent by the opening or closing of 
the valve or damper motor which they control. If they 
were used, for example, as. a high or low limit control in 
the discharge air duct to replace the Series 90 limit con- 
trollers described in the preceding paragraphs, the steam 
valve would cycle on and off continuously whenever the 
temperature of the discharge air fell within the range of 
the limit controller. 

These controllers may be used in a system similar to 
that shown in Fig. 1, illustrating a circuit for the control 
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of a motorized brine valve in a fan cooling system. The 
control system includes a Series 90 temoerature controller, 
located in the conditioned space or in the return air duct, 
which modulates a three-way mixing valve in the brine 
supply line to the cooling coil. 

The valve is placed in such a manner that when it is 
in a throttled position it will allow a part of the brine lu 
flow through the cooling coil and by-pass the remainder. 
It should be noted that the linkage of the three-way 
mixing valve should be set in such a manner that the valve 
will open to allow a maximum flow of brine through the 
coil w^hen the controller is shorted R-W. 

In previous discussions dealing with the heating cycle 
it has been customary to identify the R-W circuit with a 
closed valve; however, when considering the cooling cycle, 
th is normal procedure must be reversed. 

A Series 40 or Series 60 Humidity High Limit Controller 
can be used in this system to open the valve wide when 
the relative humidity rises above a predetermined point 
for which the controller is set. It is wired into the circuit 
as shown, so that it can break the blue leg of the control 
circuit. An increase in relative humidity above the control 
point lengthens the hair element of the controller and 
trips the switch thereby opening the circuit. 

The brine valve will then move to the extreme open 
position because only balancing relay coil Ci will be 
energized. 

When the brine valve is in the open position, the tem- 
perature of the cooling coil will be reduced to the mini- 
mum point. This results in the removal of a greater 
relative amount of latent than sensible heat from the air 
passing through the coil, than that which would be 
removed with the valve in a throttled position. 

Unless some form of reheating is provided it is good 
practice to include a second temperature controller, in a 
system of this kind, to act as a low limit controller in 
those localities where humid but mild temperature condi- 
tions prevail. This controller should be set a few degrees 
lower than the main temperature controller, and should be 
inserted into the circuit in parallel with the humidity 
controller. 

It will make a contact if the temperature should drop 
too low, thereby shunting out the effect of the humidity 
controller and causing the brine valve to close. 

MANUAL AND AUTOMATIC SWITCHING 

It is often desirable to insert manual switches or relays 
into Series 90 circuits to accomplish certain functions. 

A Single Pole Single Throw switch is connected as 
shown in Figure 2. The motor will normally be under the 
control of the controller whenever the switch is closed. 
When the switch opens the motor will run to one extreme 
depending upon which side (**B" or *'W") of the control 
circuit is interrupted. 

If the circuit through the "Blue" side is broken the 
motor will run to the same position as though the 
controller wiper were at the extreme "W" end of its 
potentiometer. The exact opposite will result if the 
**White'' side of the circuit is interrupted. 
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A circuit of this kind is often used in connection with 
a fan heating system to control the relative humidity 
during the winter cycle. The humidity controller is 
mounted in the return air duct or within the heated space, 
while the motorized valve is installed in steam supply line 
to a grid or pan type humidifier. The relay is energized 
by fan motor circuit, so that the steam valve is always 
driven to the closed position when the fan is shut down. 
If this were not done, the conditioner might become 
flooded with steam or vapor during the period of shut- 
down, since without circulation of the humidified air, the 
humidity controller would not become satisfied and close 
off the valve. 



Recycling Step Control 

The circuit shown in Fig. 3 is that of a Series 90 step 
controller, which, under the command of the temperature 
controller, cuts in just sufficient refrigeration capacity to 
meet the cooling load requirements in a fan system. 

The step controller consists of a group of mercury 
switches operated in sequence by cams which are driven 
by a modulating motor. The mercury switches are wired 
into the "pull-in" coils of the compressor starters as 
shown. As the temperature of the conditioned room rises, 
thf mperature controller operates the step controller 
toward the '*on'* position and cuts in the first compressor. 
On a further rise in temperature, additional compressors 
are cut in to meet the demand for cooling. 
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The complete compressor starters and power wiring are 
not shown in Fig. 3 in the interest of simplicity. The 
power supply for the compressor starter coils is often 
taken from the fan circuit or through relay energized 
from the fan circuit so that the compressors will not run 
when the fan is shut down. 

An additional feature is provided in this circuit which 
prevents the flow of an excessive amount of current in 
the power supply line to the compressors when the fan is 
started or immediately following an interruption in power 
supply. This is quite important in most instances, since 
the starting current of the compressors is considerably 
higher than the normal running current. Electric power 
service lines are usually sized for normal rather than ex- 
treme loads. Therefore, if all of the compressors were 
allowed to start at the same time instead of in sequence, 
it would probably result in serious damage to fuses and 
power transformer equipment. 

The step controller is recycled after a system shutdowm 
or power interruption, by means of the relay and first step 
switch on the step controller. The relay contacts are con- 
nected into the temperature controller circuit so that when 
the relay drops out due to power failure or the opening 
of the first compressor disconnect switch, the step con- 
troller is driven to the "off" position breaking the circuit 
to all compressor starters. Should the power interruption 
be only momentary, the step controller will still prevent 
restarting of the compressors until after it has returned to 
the *'off" position, since the sUrting or "pull in" circuit of 
the relay is not completed until after all other switches 
are opened. 
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Discharge Air Control of Outside Air Dampers 

FigTire 4 shows the interconnections between equipment 
used in the system for discharge air control of outside air 
dampers as described on page 24 of Section 4. 

The return air controller includes both a potentiometer 
and a set of snap acting S.P.D.T. contacts. The potentio- 
meter controls the Series 90 steam valve in conjunction 
with one potentiometer of the discharge controller. If the 
temperature of the discbarge air drops too low the dis- 
charge air controller will add resistance to the W circuit 
to the motor thereby tending to open the valve. 

If the return air temperature rises above the range of 
the potentiometer in the return air controller, the snap 
contacts will make between R and W. If the low limit 
control in the discharge air has allowed the valve to close, 



a circuit will be established between R and W of the 
valve auxiliary switch. In this way the Series 80 relay 
will be energized. 

When the Series 80 relay is energized the discharge low 
limit control will be shunted out of the valve circuit and 
will be unable to open the valve. With the relay ener- 
gized, the second potentiometer in the discharge controller 
will control the outdoor air damper. Enough additional 
outdoor air will be admitted to keep the temperature of 
the discharge air at a low enough level to provide cooling. 

When the return air temperature again drops to its 
normal range, the Series 80 relay will be de-energized and 
the outdoor air damper motor will return to its fixed min- 
imum position. 
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Direct Outside Air Control 

The connections shown in figure 5 apply to the system of 
outdoor air damper control discussed on page 24 of Section 4. 

The return air controller or room thermostat incorpor- 
ates two potentiometer coils, set for sequence operation. 
One coil modulates the steam valve, and the other coil 
acts as a cooling control to modulate the intake damper 
from the minimum to the wide-open position whenever 
the space or return air temperature indicates a need for 
cooling. 

An auxiliary potentiometer on the steam valve adds re- 
sistance to the white leg of the motor as the valve modu- 
lates from wide-open to % open; the intake damper is 
thereby modulated from closed to a minimum open posi- 



tion. This minimum position is adjustable from 0 to 50 
percent, by means of the minimum position switch. 

The "cooling" coil of the temperature controller is ad- 
justed so that it adds additional resistance to the white 
leg of the intake damper motor as the temperature rises 
above the point at which the steam valve is completely 
closed. As this resistance is added, the intake damper is 
positioned between its minimum position and 100 percent 
open to provide cooling. 

A high limit controller in the outdoor air shorts out 
the "cooling" coil of the controller at any time the out- 
door air is too warm to be effective for cooling; the in- 
take damper is thus returned to its minimum position re- 
gardless of space temperature. 
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It is often desirable to automatically change the control 
point of an instrument controlling conditions in one media 
in accordance with the conditions of a second media. For 
example on a summer cooling installation, authorities 
agree that more comfortable and healthful conditions will 
prevail if the indoor temperatures are raised slightly as 
outdoor temperatures rise. 

The M.H.R. Series 90 circuit with its balancing principle 
furnishes an ideal means for resetting an instrument 
electrically. By introducing proper resistance, the control 
circuit can be biased so that a new control point is set up 
at the controller. No mechanical linkages are necessary. 
The compensator or master controller is merely connected 
into the control circuit electrically. 

COOLING CYCLE APPLICATION 
Compensated Dry Bulb Control. 

The inside control point is raised according to a pre- 
determined schedule as the outdoor temperature rises. For 
example, a schedule can be established which will call for 
an inside temperature of 75** when the outside temper- 
ature is 75**. At the high end of the schedule an outside 
temperature of 100'' will call for an inside temperature 
of 85^ With this schedule the inside temperature would 
be ra 1 1^ for each 2Vi** rise in outside temperature. 

The use of compensated control on cooling systems tends 
to eliminate any shock which might be experienced during 
severe weather when a person passes in or out of a cooled 
space. 



HEATING CYCLE APPLICATION 

Compensated Hot Water Control. 

Hot Water hoatiiig f * s can sometimes be controlled 
in a satisfactory manner by varying the boiler water 
temperature with outside temperature. The boiler water 
temp ture may be raised from around 100* to about 200** 
as the outside temperature drops from G5* to 0*. 



THEORY OF OPERATION 

In the discussion of compensated control it must be 
realized that the compensator or master controller merely 
shifts the control point of the controller or sub-master. 
At each new control point the controller must be able to 
operate the motor from the fully closed to the fully open 
position while the control wiper moves across only a 
fraction of its potentiometer winding. 

Assume that on a cooling system the following schedule 
is required. Control the inside temperature at 75 when 
the outside temperature is 75°. Raise the inside control 
point one degree for each two and one half degree rise 
in outside temperature until the inside temperature reaches 
a maximum of 85^ Maintain the inside temperature 
within a differential of 3° for each inside control pomt. 

For example, if the outside temperature^ is 90*, the in- 
side temperature shall range between 79 V^** and 82%"*. 

The foregoing example gives rise to the follo\ving 
definitions: 

TOTAL DIFFERENTIAL is the number of degrees be- 
tween the high and low point of the controller schedule. 
In the example it is equal to the difference between 85 and 
75 which is 10^ This amounts to the change in tempera- 
ture required to move the wiper completely across the 
potentiometer coil. 

OPERATING DIFFERENTIAL is the number of 
degrees change at the controller which will cause the 
motor to operate thru its entire s^troke. In this example 
the operating differential equals 3**. 

OPERATING DIFFERENTIAL RATIO is the ratio of 
the OPERATING DIFFERENTIAL to the TOTAL DIF- 
FERENTIAL. The ratio in the above example is 3 to 
10 or .3. 

Figure 1 indicates schematically a compensated circuit 
\vh« n the single coil instrument which is at the top of 
the sketch is the compensator. Resistances in parallel 
with the compensator and balancing potentiometer of the 
ni r have been added to the circuit. These resistances 
are necessary so that the controller will be able to get full 
travel from the motor when only a fraction of the con- 
troller's total resistance is used. 

The controller in a compensated cicuit oonsists of two 
135 ohm coils which are connected into the circuit so that 
as resisUnce is subtra d from one leg of the circuit an 
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equal amount is added to the opposite leg. Since the 
balancing potentiometer of the motor is also 135 ohms, 
the wipers of the controller would have to move completely 
across their potentiometer coils in order to operate the 
motor from one end of its stroke to the other if no resist- 
ance were placed in parallel with the motor potentiometer. 
Placing a resistance in parallel with the motor balancing 
potentiometer in effect reduces the resistance of the 
potentiometer. In this way it becomes necessary for the 
motor to move the balancing potentiometer wiper a 
greater distance in order to counteract the effect of an 
unbalanced condition at the controller. 

By placing the correct amount of resistance in parallel 
with the balancing potentiometer in the motor, it is pos- 
sible to make the motor operate thru its complete stroke 
while the controller moves thru any given fraction of its 
total travel. If the ratio of the operating to the total 
differential as defined above is .3, a certain resistance can 
be placed in parallel with the motor potentiometer so that 
.3 of 135 or 40.5 ohms variation in each coil of the con- 
troller will cause the motor to modulate thru its entire 
stroke. 
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Figure 1 

Figure 2 shows the position of the motor when the con- 
troller is at the center of its operating differential. The 
dotted positions of the wipers indicate that the motor will 
be completely closed when the controller is at the high end 
of its operating differential. Figure 3 is similar to Figure 
2 except that it shows the motor in the open position when 
the controller is at the low end of its operating differen- 
tial. 

It can readily be seen that a resistance in parallel with 
the compensator will be necessary or the compensator will 
have the same amount of control over the motor as the 
controller itself. When the proper resistance is placed 
across the compensator this instrument can move the 
operating differential of the controller to any position on 
the controller winding. 



Consider first a condition when the compensator is at 
the middle of its winding which would mean that the out- 
side temperature was 87 ¥2° in the example used above. 
This means that the operating differential of the controller 
would be equally divided on each side of an 80** inside 
temperature. As indicated in Figures 2 and 3, the system 
can be completely in balance whenever the control wipers 
are within the operating differential of the inside con- 
troller. The motor potentiometer can under these condi- 
tions find a position which will balance up the circuit and 
stop the motor at some intermediate position. However, 
when the inside temperature rises above 81%° the motor 
will be completely open and calling for all available cool- 
ing. The motor will remain in this position until the tem- 
perature has been brought below 81%°. Likewise if the 
inside temperature should drop below 78%° the motor will 
be closed calling for no cooling until the inside tempera- 
ture has again reached the range of the operating differ- 
ential. The above discussion assumes that the compensator 
is at 87%° outside temperature. 



PARALLEL RESISTANCE 



COMPENSATOR 
POTENTIOMETER 
135 OHMS W 



85 
W 



75' 



KX) 



75' 



^ ^^^^^ 




CONTROLLER 



CONTROLLER HAS 
TWO POTENTIOMETERS 
135 OHMS EACH 



COMPENSATOR 
B 



85* 140 5 L 75** 




RELAY 

COILS 



MOTOR 

BALANCING 

POTENTIOMETER 

135 OHMS 






MOTOR 
SHAFT 




PARALLEL RESISTANCE 



Figure 2 



Figure 4 shows the position of the controller and the 
motor for the same conditions as illustrated in Figures 2 
and 3. The inside temperature is at 80° and the motor is 
about 50% open. The outside temperature has however 
risen to 93° as indicated by the position of the outside 
compensator. 

The position of the compensator's wiper blade unbalances 
the circuit so that more current is now flowing dowTi the 
left hand leg of the circuit thru relay coil Ci. This con- 
dition unbalances the relay armature and makes the con- 
tact which will run the motor toward the closed position. 
The operating differential is moved to a new position on 
the controller windings which will be between 80%° and 
83%°. The motor will run to its tight closed position as 
indicated by the dotted contact blade in Figure 4 because 
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the temperature at the inside thermostat is now below its 
operating differential. The new range of the operating 
differential is indicated in Figure 4. 

Since the motor is closed the space will no longer be 
cooled and the temperature will begin to rise. When the 
inside temperature reaches 80%** the motor will begin to 
open and will be positioned entirely at the command of 
the inside controller as the temperature varies throughout 
the operating differential. 

In a similar manner the operating diflferential of the 
controller is shifted to various positions throughout the 
total differential of the controller as the wiper of the 
compensator moves to new positions on its potentiometer. 

SETTINGS FOR COMPENSATED CONTROL 

In order to select the proper values for the parallel 
resistances at the compensator and at the motor, the ratio 
of the operating differential to the total differential of the 
controller must be determined 

Cooling 

For compensated cooling control it is only necessary to 
select a suitable operating differential which may be 3** 
and divide this value by the total differential to be 
covered. The value of the total differential on a cooling 
system equals the number of degrees between the lowest 
temperature in the schedule and the highest temperature 
II. the schedule. In the example which has been used 
throughout this discussion, the total differential equals the 
difference between 85"* and 75* or 10"*. The ratio then as 
explained before is 3 to 10 or .3. 

In setting up such a system it is necessary to use as 
the controller an instrument with an adjustable differ- 



ential. The low point, in this case 75**, is set on the main 
scale of the thermostat. The amount of total differential 
(10'') is then set on the differential scale. With these 
settings the wipers of the thermostat will be moved across 
the entire active winding of their potentiometers as the 
temperature varies between 75** and 85*. 

It is necessary to have an adjustable differential on the 
compensator so that a wide operating range can be set on 
the instrument. For example — the wiper may have to 
move across the potentiometer winding as the outside 
temperature goes from 75** to 100** which would require a 
30*" differential setting on the instrument. 

In setting the instruments for compensated control of 
a heating system the total differential of the controller 
is determined in a slightly different manner than for 
cooling control. When determining the control ratio and 
also when setting the controller it is necessary to add the 
amount of the desired operating differential to both ends 
of what would be considered the total differential if it 
were a cooling installation. 

As an exam pie consider compensated discharge control 
where the discharge temperature is to vary from 65 to 
85** as the outside temperature drops from 65** to 30**. 
Since this is a discharge control system the operating dif- 
ferential of the discharge controller should be at least 6**. 
The total differential should then be considered as 20** plus 
two times 6** v ■ h makes 32** in all. The 20** is the dif- 
ference between 65* and 85** which are the high and low 
ends of the discharge controller schedule. 

Since the operating differential has been chosen as 6*, 
the ratio of operating to total differential is 6 to 32 or .19. 
Such a ratio would usually be considered as .2 and the 
corresponding resistances would be used. 
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The discharge controller in this example should be set 
at 59** with a differential setting on the instrument of 
32**. In this way an additional r)° is added at both ends 
of the total range of the controller. 

Parallel Resistances 

The following table gives values for the resistances to 
be used with .2, .3, and .4 ratios of operating to total 
differential of the controller. These three ratios will 
handle practically all the applications for compensated 
control systems. Control ratios smaller than .2 should be 
avoided whenever possible. The ratio can easily be 
increased by widening the operating differential slightly. 
This procedure will not materially affect the control 
results. 



Ratio of 
Operating of 
Total Differential Value 

.2 43 ohms 

.3 72 ohms 

.4 113 ohms 



Motor Resistance 



Part No. 

20303 
20304 
20305 



Compensator 
Resistance 
Value Part. No. 

390 ohms 20309 
290 ohms 20308 
204 ohms 20307 



Note: For two position compensated control that is when 
an R92 relay is used, one 1600 resistance should be placed 
in parallel with the potentiometer of the compensator. 
The operating differential of such a circuit will be about 
10% of the total differential of the controller. 

TWO-POSITION COMPENSATED CONTROL 

Although the majority of applications for compensated 
control call for modulating response, it is often desirable 
to compensate the control point of equipment controlled 
in an **on" and **off" manner. For example, a compressor 
on a comfort cooling installation might be started and 
stopped at the command of a room thermostat which in 
turn would have its control point automatically adjusted 



by a compensator in the outdoor air. The inside thermo- 
stat and outside compensator would in this case be con- 
nected to a series 90 relay which would take the place of 
a modulating motor. 

Figure 7 shows the arrangement of controller, com- 
pensator, and relay for two position compensated control. 
The main difference between this arrangement and that 
used for modulating control is that the balancing potentio- 
meter of the motor has been eliminated. 

The Series 90 relay (type R92B) consists of a balanced 
type of relay mechanism identical to the one used in the 
modulating motor. This relay affords S.P.D.T. switching 
action which in turn controls a Series 30 relay unit for 
switching the load. Only the coils of the balanced relay 
are show^n in Figure 7. 

In Figure 7, if the current in the left leg of the circuit 
(that leg which connects to the B relay terminal) becomes 
greater than the current in the opposite leg, the balanced 
relay will make a contact which will energize the load 
relay. This will start the compressor. 

If the wiper of the compressor moves toward the "W" 
end of its potentiometer, indicating a rise in outdoor tem- 
perature, the Series 90 relay will make the contact which 
de-energizes the load relay. The inside temperature will 
then start to rise and the compressor will remain "off** 
until the wipers of the controller have reached a position 
on their potentiometers which will unbalance the relay 
in the opposite direction. The compressor will then be 
cycled at the command of the controller as the tempera- 
ture in the space rises and falls. 

A compensator resistance as shown in Figure 7, is 
placed in parallel with the potentiometer of the com- 
pensator. This resistance is necessary to prevent the 
compensator from taking control away from the con- 
troller at any time. A value of 1600 ohms is satisfactory 
for this purpose. 
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Figure 5 

Fig. 5 illustrates the connections between the compensa- 
tor, controller and motor when compensated control is 
applied to the cooling cycle. 



Figure 6 

Fig. 6 illustrates the connections between the compensa- 
tor, controller and motor when compensated control is 
applied to the heating cycle. 



MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 




Sec. 3 
26 



COMPENSATOR RESISTANCE^ 



B 



I COMPENSATOR^ i 

VWvVVfAAArW 



w 




L 



SERIES 90 RELAY 



Figure 7 




SERIES 90 
TEMP COmP 




R 9 2B RELAY 



(D (4) (D Q 



o 

2 



SERIES 90 
CONTROLLER 



t O ± 

W i I ^ 

LOAD LINE 



Figure 8— Connection diagram for a compensated cool- 
ing control system consisting of a R92B Relay, a single 
coil Series 90 compensator and a two coil Series 90 con- 
troller. The compensator should be located in the outdoor 
air with the controller located in either the return air 
duct or directly in the conditioned space. The compen- 
sator is arranged to RAISE the control point of the 
controller on a RISE in outdoor temperature. 




Figure 9 — Conr ion diagram for a compensated 
heating control s. a ( mg of a R92B V Vay, a 



single coil Series 90 compensator and a two coil Series 90 
controller. The compensator should be located in the 
outdoor air with the controller located in a hot water 
boiler or similar application. The compensator is ar- 
ranged to RAISE the control point of the controller on a 
DROP in outdoor temperature. 



Averaging Control 

Temperatures at two or three different locations can be 
measured by separate thermostats and the average of the 
temperatures used to position a single motor. 

This system may be used with either heating or cooling 
equipment. The system finds its widest application in 
very large zones or spaces. 

On an averaging control system it is necessary to use 
one auxiliary resistance. This resistance is placed be- 
tween the B and W terminals as indicated in the following 
figures. 

The resistance values to be used with both two and 
three controller installations are shown below: 
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Figure 10 is a schematic wiring diagram for three aver 
aging controllers. 
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Figure 11 is a connection diagram for thre< a\«^ragmg 
controllers. 
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Figrure 1 

Figure 1 shows the elements of a typical pneumatic 
control system. A source of air supply is provided, usual- 
ly by an electrically-driven air compressor, with which is 
associated a storage tank in which the air pressure is held 
between 20 lbs. and 35 lbs. per sq. inch. The air leaving 
the tank is filtered and then reduced to a pressure of 15 
lbs. per sq. inch through a pressure-reducing valve. Air 
is delivered to all of the control devices in the system at 
this pressure. The control device, such as the thermostat 
or humidity controller, reduces the pressure in supplying 
air to the control valve or motor and provides a variable 
air pressure in the line to the motor (branch line), the 
pressure being varied and being determined by the de- 
mand of the thermostat or control device at that particu- 
lar condition. The pneumatic control system can be di- 
vided into these parts: 

1. Source of air supply. 

2. Lines leading from the compressed air supply to the 
control devices (mains). 

3. Control devices such as thermostats, humidity con- 
trollers, relays, etc. 

4. Lines leading from the control devices to the con- 
trolled devices such as valves and motors (branch 
lines). 

5. Controlled devices (valves, motors, relays, etc.) 

TYPES OF PNEUMATIC CONTROLS 

The function of the controller (thermostat, humidity 
controller, etc.) is to take air from a source of air at con- 
stant pressure (15 lbs.) and deliver it to a valve or motor 
at a reduced pressure. The pressure determined in the 
branch line by the thermostat will depend directly on the 
load or temperature level within the throttling range of 
the controller. The throttling range is defined as the 
temperature change at the controller that is required to 
change the branch line pressure from 3 to 13 pounds. 
Thus a thermostat with a throttling range of 3"* and con- 
trolling at 72® would cause a pressure of 3 lbs. in the 
branch line at 70.5**. It would produce a pressure of 
13 lbs. in the branch line at 73.5**, and between these 
limits the pressure would be proportionate to the tem- 
perature level. 
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1. Conventional Pneumatic Control 

The control motor or control valve consists of a series 
of metal metaphrams or a composition bellows so as to 
respond to the pressure in the branch line. The force 
exerted by the control motor is balanced by a spring (see 
Fig. 2). Thus, the motor arm will assume a position which 
depends upon the balance of forces acting on the motor 
arm so that when a change in air pressure takes place, 
the motor will move until the additional spring tension 
again brings the motor into balance and will thereby 
assume a new position. 

It should be noted that in the conventional pneumatic 
system the motor arm or valve position may not be a di- 
rect function of the branch line pressure. The position of 
the motor arm (or valve stem) is determined by the bal- 
ance of three forces: 

1. The force exerted by the motor due to the branch line 
pressure existing. 

2. The force exerted by the spring, which is a function 
of the position of the arm. 

3. The force exerted on the arm due to the load it is 
handling. 

This force may be unbalanced in either direction and 
on such applications as outside air damper control, mav 
actually change from time to time depending upon wind 
conditions. The position of the motor for a given branch 
line pressure will thereby vary with the direction and in- 
tensity of the force on this arm. Where accurate position- 
ing of large dampers is essential, this characteristic may 
become a serious drawback. 

The load or force on the motor arm may also be due to 
a friction load such as would be encountered with rusty 
or binding dampers or on valve applications due to stuf- 
fing box friction. A friction load results in fewer control 
positions because the conventional pneumatic motor or 
valve always starts from a condition of balance where one 
force exactly balances the other. Thus to develop a force 
to offset a friction load, a rather wide change in branch 
line pressure is required in order to establish sufficient 
difference between the force exerted by the motor and 
that exerted by the spring to result in a movement of the 
motor or valve stem. 
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The Gradutrol System 
Figure 3 

2. The Gradutrol* System 

Gradutrol action, sometimes called "Positive Position- 
ing," describes a system of pneumatic control wherein the 
position of valves or motors depends not upon a condition 
of balance between the forces operating the motor, but 
rather depends directly upon the branch line pressure as 
determined by the controller. Fig. 3 shows how the Gradu- 
trol System operates. The branch line pressure determined 
by the thermostat does not affect the control motor directly. 
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This pressure is communicated to a diaphragm m a small 
relay which is equipped with two ports, one for feedmg 
air to the motor from the main and one for bleeding air 
from the motor. When the relay is in balance, both ports 
are closed and the motor is at rest. The force exerted 
by the small diaphragm which is subjected to branch Ime 
pressure is balanced by a control spring which is posi- 
tioned by the motor arm. 

Starting from any position at rest, if the thermostat de- 
mand should change and cause even as slight an increase 
m branch line pressure as .1 lb., the relay will unbalance 
and feed air into the motor. Air will be fed to the motor 
until the motor arm has moved a distance sufficient to bal- 
ance this change in pressure in the small diaphragm by a 
corresponding movement of the control spring. 

It should be noted that for even this small change in 
pressure of .1 lb., it is possible to produce any Pressure 
in the motor that may be required to offset the load. Ihus 
the pressure in the motor can be anywhere from zero to 
15 lbs. at any position called for by the thermostat, de- 
pending upon the amount of force required to position the 
motor to a definite point. 

Likewise, on a decrease in branch line pressure of as 
little as .1 lb., the relay is again unbalanced and the port 
is opened which causes the bleeding of air from the mot^. 
When the pressure in the motor has been reduced suffi- 
ciently to position the motor arm to the new position 
called for bv the thermostat, the control spring will again 
come into balance with the pressure in the small dia- 
phragm and again both ports will close with the motor in 
the new position which was called for by the thermostat. 

The accuracy of the Gradutrol System is therefore not 
affected by changing loads on the damper arm or varying 
friction loads as in the case of the conventional system. 

In the conventional pneumatic system the air pressure 
in the motor is the same as the air pressure in the branch 
thermostat line. It is thus a variable pressure depending 
upon the demand of the thermostat. This variable pres- 
sure established bv the thermostat is balanced by the 
motor spring and load. Variations in this pressure re- 
quire new loadings rather than new definite positions. 

With the Gradutrol System a definite pressure estab- 
lished by the thermostat requires that the motor assume 
a very definite position. The motor is capable of produc- 
ing full power in either direction in order to assume the 
position called for by the thermostat. Pressures in the 
motor from zero to 15 lbs. are available at all times, de- 
pending upon the force required for the motor to assume 
its proper position. 

3. Types of Motors 

Control valves are supplied in two types: 

A. Normally open. A valve of this tyve will go to the 
open position on a drop in branch line pressure and will 
therefore remain in the open position at any time that the 
pressure is cut off from the system. This type of con- 
struction is normally used on radiator control applica- 
tions, unit ventilators and other common applications. 

B. Normally closed. This type of valve goes to the 
closed I) tion on a drop in air pressure and therefore re- 
mains closed when the air is cut off from the system. This 
type of valve finds application on air conditioning sys- 
tems, ventilating systems and places where sequence oper- 
ation is desired. 

The control springs used on both valves and motors 
normally provide for a full movement of the motor in re- 
sponse to a change in pressure at the thermostat from 
zero to 15 lbs. 



The motor will normally be closed at approximately 3 
lbs. and open at 13 lbs. For specialized applications it is 
often desirable to provide valves and motors that will 
operate through their full range on only a partial change 
in pressure at the thermosUt. Thus valves and motors 
are available which may go from closed to open position 
on a change in branch line pressure of 8 to 12 lbs. or from 
2 to 8 lbs., etc. Operation of this type is necessary wher- 
ever sequence control is needed, for instance, where one 
thermostat will control both a heating and a cooling 
operation. 

The Gradutrol System has great advantages with re- 
spect to ease of adjustment of the operating range. With 
the standard Gradutrol motor the range of branch Ime 
pressure necessary to position the motor through its full 
range can be very readily selected and determined by very 
simple adjustments provided on the Gradutrol relay. This 
can be accomplished without changing any parts such as 
would be necessary in a conventional system where 
springs of different spring rates are needed to provide the 
same results. 

4. Types of Thermostats and Controllers 

Thermostats and controllers are available in many types 
designed to fit specific requirements. 

a. Direct Action. A direct acting thermostat is one 
which causes an increase in the branch line pressure up- 
on a rise in temperature. 

b. Reverse Action. A reverse acting thermostat is one 
which causes a drop in branch line pressure upon a nse 
in temperature. 

c. Graduate Action. A graduate acting thermostat is 
one which provides for the graduated movement of the 
motor or valve with the motor assuming a definite position 
for every condition of branch line pressure. Tliis is the 
type of controller which has been discussed heretofore. 

d. Positive Action. Positive action describes a ther- 
mostat or controller which does not cause graduated 
movement of the damper or valve but rather causes two 
position or "on-off" action vnth the valve or motor always 
being in one of two positions — either open or closed. 

e. Other Types. There are several other tM)es of ther- 
mostats and controllers available which will be discussed 
later. These include summer-winter thermostats which 
provide for changing the control from heating to cooling 
from a remote point and simulUneously re-adjusting the 
control point; Da-Nite* thermostats which provide for 
changing the control point from a day to a night level 
from a remote point, still permitting manual operation at 
the da>i:ime level; sub-master thermostats which provide 
compensated control or re-adjustment of the thermostat 
control point from a master control which measures some 
other factor such as outdoor temperature. 

The controller or thermosUt has been described in 
function as being a means of regulating the branch line 
pressure in response to changes in temperature, Pressure, 
or relative humidity of the medium being controlled. This 
is accomplished in several ways: 

1. The bleed type controller (Fig. 4) This is the type 
of controller or thermostat which consists of a small 
orifice or nozzle from which the air is exhausted to 
the atmosphere. A restriction is provided in the 
main line supplying the thermostat so that air is ad- 
mitted to the branch line at a fixed rate. Changes 
in temperature cause a vane to move toward or away 
from this nozzle, controlling the rate at which air is 
bled therefrom, which deter nes the pressure exist- 
ing in the branch line between pressures of 15 lbs. 
where the vane closes the port completely and 0 lb. 
where the vane leaves the port free. 
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2. Bleed type controller with graduate relay (Fig. 5). 
Thermostats of this type naturally use a considerable 
quantity of air due to the fact that air is continually 
being exhausted from the system. They are there- 
fore sometimes used with a graduate relay, the func- 
tion of which is to feed and bleed air to or from the 
motor. Due to the fact that the amount of air required 
for the graduate relay is much less than that required 
for the valve or motor, it is possible to adjust the 
thermostat restriction to a smaller opening, thereby 
cutting down the rate at which air is exhausted. 
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Figure 5 



Some thermostats are constructed with the grad- 
uate relay built right into the thermostat with a 
small bleed port then determining the pressure which 
the graduate relay will maintain. With a thermostat 
of this type, or with a combination of a bleed thermo- 
stat and separate graduate relay, air consumption is 
cut down but a constant bleeding of air is still 
present. 
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3. Non-Bleed Controller (Fig. 6). A non-bleed control- 
ler is a type of thermostat or control that determines 
the branch line pressure by a pressure reducing prin- 
ciple which does not rely on the constant bleeding of 
air. Changes in temperature or other factor being 
controlled cause a change in control point of a small 
pressure reducing valve mechanism of the stop-and« 
bleed type. Thus air is fed to or exhausted from the 
system only when a change in motor position is called 
for. At all other times, the system is completely 
closed. 

The Gradustat*. The Gradustat is a non-bleed type 
thermostat which possesses many important features. 
Fig. 6 illustrates the operation of the Gradustat. 
Changes in temperature cause a change in pressure 
in the temperature-sensitive bellows. This changes the 
loading on a small diaphragm which is exposed to the 
branch line pressure. In effect, a certain temperature 
at the thermostat establishes a control point for this 
small diaphragm. In order to produce the pressure in 
the branch line called for by the thermostat, this 
diaphragm can control two small ports, one of which 
admits air from the main to the branch line, the 
other of which bleeds air from the branch line. Thus 
following a movement of the bellows in response 
to a change in temperature the small port may open, 
admitting additional air to the branch line. When the 
pressure is built up to a point corresponding to the 
branch line pressure demanded by the thermostat, 
the system will again be in balance and this port will 
close. Likewise, should the thermostat call for a 
lower branch line pressure, a small port will open 
bleeding air from the branch line and when the mo- 
tor has assumed the correct position and the branch 
line pressure reaches the proper point, the system 
will again be in balance and both ports will be closed. 

The Gradustat provides many important advantages 
over a bleed type thermostat. 

1. Air is wasted from the system only when the valve 
or motor is moving in one direction. At all other times 
the system is tight and no air is wasted. This makes pos- 
sible a smaller air compressor and less operating cost. 

2. The change in branch line air pressure is in direct 
ratio to the change in temperature, providing straight line 
control. This is not true of a bleed type thermostat 
where the relation between temperature change and 
branch line pressure is non-linear and takes the form of 
an S-curvc. 

3. The Gradustat provides for an adjustable throttling 
range. For proper control results the throttling range of 
the controller should be matched to the system being con- 
trolled in order to provide uniform control without hunt- 
ing or wide variations in temperature. The Gradustat 
makes this possible due to the complete adjustment of 
throttling range. 

4. The construction provides for a very simple change 
that will make the thermostat either direct or reverse 
acting as required. One thermostat thereby fills both 
requirements. 
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PNEUMATIC CONTROL COMBINATIONS 
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Frequently combinations of several controls may be 
desired in order to produce certain results. Fig. 7 illus- 
trates a simple combination of a controller and control 
valve or motor. The controller may be set to be either 
direct or reverse acting and the valve can be of the nor- 
mally open or normally closed type, depending upon the 
sequence of results desired. A direct acting thermostat 
and normally open control valve are most common for a 
heating application. For a cooling application a direct 
acting thermostat would be used with a normally closed 
control valve, or another application may be a reverse 
acting thermostat with a normally open control valve. 
Conditions of the installation and results desired will 
determine the combination to be used in every case. 
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Figure 8 

Fig. 8 illustrates the use of a limit control in a simple 
pneumatic control circuit. The limit control may be either 
high or low limit and may be used, for instance, as a dis- 
charge low limit on a blast heating system to prevent the 
discharge air temperature from dropping below a desired 
point. For a heating application the thermostat would 
usually be of the direct acting type and the control valve 
normally open. The low limit control would then be of the 
direct acting type and, regardless of the demands of the 
thermostat, will have the ability to cut down the branch 
line pressure, thereby opening the valve in order to pre- 
vent the discharge temperature from dropping below the 
desired point. 

Non-bleed insertion thermostats include a small bleed 
plug which must be used when the units are to act as low 
limit controls. The bleed is located in the branch line to 
the valve or motor so that control will be returned to the 
room controller when the space temperature drops. 

If the branch line to the valve or motor is not continu- 
ously bled it will be possible for the low limit control to 
take command of the valve with the room thermostat 
satisfied, and to position the valve so that the discharge 
temperature would satisfy the low limit for a long period 
of ti If in the meantime the space temperature should 
drop, so that more heat was required, it would be impos- 
sible for the room thermostat to bleed the branch Ime 



because the satisfied low limit instrument would have the 
branch air line stopped. By bleeding a small amount of air 
from the branch line a continuous flow of air will be 
necessary through both control instruments, and the room 
thermostat will always be able to open the valve. 
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Figure 9 

Figure 9 illustrates the most commonly used arrange- 
ment for providing high limit control. The room controller 
and high limit control are both set for reverse action. In 
order to use a normally open valve a reverse action Grad- 
U-Relay is inserted in the system. . , , • i. 

A bleed in the valve branch line is necessary with high 
limit controls so that the room thermostat will be able 
to regain the control of the valve when the space temper- 
ature rises. The bleed has the same function with high 
limit controls as with low limit controls. 
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Figure 10 

Bleed type low limit controls can be used with non-bleed 
controllers as shown in Figure 10. A restriction is inserted 
between the controller and low limit control so that the 
bleed type low limit will be able to completely bleed down 
the valve branch line and open the valve. 
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Fig. 11 shows the use of a manual switch in connection 
with a pneumai control application. This svsritch is 
used to provide manual control of a valve or motor where 
desired. When the switch is placed in the "automatic 
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position, the thermostat operates normally, the branch line 
being connected to the control motor. When the switch 
is placed in the "closed*' position, the branch line to the 
thermostat is closed off and the air is bled from the mo- 
tor causing the valve to close. With the switch placed in 
the **open" position, the branch line from the thermostat 
is closed and air at 15 lbs. pressure is admitted to the 
valve, placing it in the open position. 
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Fig. 12 illustrates the use of an electric-pneumatic re- 
lay in a pneumatic control circuit. Frequently such a re- 
lay may be used, wired into a fan circuit so that an out- 
side air damper can be operated to the closed position 
upon shutdown of the fan. The function of the relay in 
this case, when the fan shuts down, is to close off the 
branch line to the thermostat and simultaneously bleed 
the air from the motor so that it goes to a closed position. 
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Electric Pneumatic Relay 
Figure 13 

When an electric-pneumatic relay is used for shutting 
down an entire system, it is installed as shown in Figure 
13. The restriction shown in the valve line is necessary 
with room type Gradustats so that the motor will bleed 
and close immediately. The bleed plug in the insertion 
type instruments may be used lor this purpose. 

If no bleed is provided the valve or motor will not go to 
its normal position until the controller srnses a change 
in temperature in the proper direction to bleed the motor 
line. On some systems it is necessary to have all the 
control equipment assume its "normal*' position immedi- 
ately whenever the E-P switch is de-energized. 

Fig. 14 illustrates a compensated, or master-sub-mas- 
ter, control arrangement. With this type of control one 
instrument (which could be, for instance, an outside mas- 
ter thermostat) determines the control point of a sub- 
master control (which might be the inside thermostat in 
a compensated cooling control application). The master 
control or outside controller changes the pressure in its 
branch line over a wide range of outside temperatures as 
selected. Changes in pressure in this branch line, through 
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the operation of a small diaphragm within the thermostat, 
change the control point of the sub-master thermostat. 
At any given control point, the sub-master thermostat 
operates normally — controlling its valve or motor. 

Compensated control or master-sub-master systems are 
used for many applications, the most common of which is 
outside compensation of the inside temperature control 
point on cooling control systems. 
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Figure 15 

In school buildings or on other large heating installa- 
tions, lowered night temperatures are often advantageous. 
Through the use of Da-Nite Gradustats the changeover 
of all the thermostats in the building can be made either 
automatically or manually from a central location as 
illustrated in Figure 15. 

Two separate pressure reducing valves one set for 13 # 
(used during the day), and the other set for 17# (used 
at night), are both connected to the temperature control 
system through a two position switch. A change in main 
line pressure actuates a small relay in the thermostat 
which determines whether the thermostat shall control at 
its day or at its night temperature. 

A small pressure relief relay is connected on the down- 
stream side of the 13 pound reducing valve so that when 
the system switches over for day operation, the pressure 
in the system will immediately drop and re-establish the 
day control point. 

A Summer-Winter Gradustat is available which can be 
changed over in exactly the same manner as a Da-Nite 
Gradustat. For Summer operation the thermostat operates 
at 13# and is reverse action. During the winter, 17# is 
used and the thermostat is direct acting. Figiare 15 serves 
to illustrate both the Da-Nite and the Summer-Winter 
changeover systems. 
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Air-Conditioning in its broadest sense implies the con- 
trol of any or all of the physical or chemical qualities of 

Air. 

More particularly it includes the simultaneous control of : 

1. Temperature. 

2. Humidity. 

3. Cleaning* 

4. Distribution. 

Since the physical properties of air vary materially 
from season to season it is obvious that the process of 
Air-Conditioning must also change on the same seasonal 

basis. 

The functions of an Air-Conditioning System may be 
roughly divided as follows: 

1 Year Round functions— Cleaning and Circulating. 

2, Heating Cycle functions— Heating and Humidifying. 

3. Cooling Cycle functions— Cooling and dehumldlfylng. 

Since Automatic Control provides the only reliable and 
economical means of maintaining the proper relationship 
between these various functions, it must be considered as 
an inherent part of the system itself rather than an acces- 
sory or luxury. 

In subsequent chapters the application of controls to 
various types of systems will be considered m detail, but 
in order to insure a complete understanding of their use 
it is desirable to first review the basic principles of Air- 
Conditioning which make them necessary. 

In many instances mis-application of controls is a direct 
result of an incomplete analysis of the physical properties 
of an Air-Conditioning System in relation to the results 
which are desired. Occasionally controls are specified to 
maintain the conditioned air within limits which the con- 
ditioning equipment itself is not capable of reaching. 
Obviously, the control equipment can mainUin conditions 
only within the limitation of the mechanical equipment. 

A broad analysis of controls and conditioning equipment 
as compared with the principles governing their applica- 
tion will eliminate this possibility. 

PURPOSE OF AIR-CONDITIONING 

Applications of air-conditioning may be divided accord- 
ine to the conditioning of air for human comfort and the 
conditioning of air for the improvement of Industrial 
Processes. 

Each of these two major classifications will be discussed 
separately. 

1. Conditioning of Air for Human Comfort 

Temperature, humidity, and air motion Uken together, 
determine the sensation of warmth and influence the elimi- 
nation of body heat. The human body, because of evapora- 
tion from its surface, behaves like a wet bulb thermometer 
and therefore dry air at a relatively high temperature 
may feel cooler than air of considerably lower tempera- 
ture with a high moisture content. Air motion makes 
moderate conditions of the air feel cooler. 

The determination of comfort conditions for any specific 
installation will depend largely upon the type and duration 
of occupancy. When these factors have been determmed, 
the entire air conditioning system should be balanced in 
such a manner that the variables affecting human comfort 
will be mainUined within proper limits. 

The ability of the human body to adjust itself to marked 
changes in conditions will greatly influence the selection of 
desirable levels of temperature, humidity, and air motion. 
For example, in a restaurant where the period of occupancy 
is comparatively brief, it is found that it is impossible to 



maintain low temperature conditions because of the fact 
that an extreme sensation of shock would be felt by a 
person entering from an extremely warm street. This 
shock, of course, would be repeated upon leaving. 

On the other hand, in an office building where the period 
of occupancy is continued for an entire day, it is possible 
to regulate temperatures and humidities at much lower 
levels. 

No single comfort standard can be laid down which will 
meet all types of space occupancy but approximate com- 
fort zone limits may be set up to serve merely as a 
general guide. 

2. Conditioning of Air for the Improvement of Industrial 
Processes 

In many industries, the temperature and relative 
humidity of the air have a marked influence upon the 
rate of production and the weight, strength, appearance, 
and general quality of the product. These results are due 
to the fact that most materials of animal or vegetable 
origin, and some mineral, either take up or give oft 
moisture. 

The most desirable relative humidity and temperature 
during processing depends upon the product and nature 
of the process. 

SENSATIONS OF WARMTH AND COMFORT 

Temperature, humidity and air motion taken together 
determine the feeling of warmth and influence the trans- 
ference of body heat. In other words, the temperature 
sensations of the human body depend not only on the 
temperature of the surrounding air as registered by a 
dry-bulb thermometer, but also upon the temperature 
indicated by a wet-bulb thermometer. Dry air at a rela- 
tively high temperature may feel cooler than air of 
considerablv lower temperature with a high moisture 
content. Air motion makes moderate conditions feel cooler. 

Thermo-Equivalent Conditions 

Combinations of temperature, humidity and air move- 
ment which produce the same feeling of warmth are 
called thermo-equivalent conditions. Elaborate experi- 
ments conducted in conjunction with the A. S. H. V. E. 
Research Laboratory by the Minneapolis-Honeywell Regu- 
lator Company on 275 office workers in its air conditioned 
offices show that this newly-developed scale of thermo- 
equivalent conditions not only indicate the sensation of 
warmth, but also determine the physiological effects on 
the body induced by heat and cold. For this reason, it 18 
called the Effective' Temperature scale or index. 

Effective temperature is an index of warmth or cold. It 
is not in itself an index of comfort, as it is often assumed 
to be, nor are the effective temperature lines necessarily 
lines of equal comfort. This is true because, in determin- 
ing this index, the subjects compared not the relative 
comfort, but rather the relative warmth or cold of various 
air conditions. Moist air at a comparatively low tenipera- 
ture, and drv air at a higher temperature may each feel 
as warm as air of an intermediate temperature and 
humidity, but the comfort experienced in the three air 
conditions would be quite different, although the effective 
temperature is the same. The intermediate condition may 
be entirely comfortable, but the other two would not 
necessarily be so. 

Under extreme humidity conditions there seems to be a 
difference between sensations of absolute comfort and of 
the proper degree of warmth. In other words, human 
beings are not necessarily comfortable when the air is 
neither too warm nor too cold. Air of proper warmth 
may, for i ance, contain • essive water vapor, and in 
this way interfere with the normal physiologic loss of 
moisture from the skin, leading to damp skin and clothing 
and producing more or less discomfort; or the air may be 
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excessively dry, producing appreciable discomfort to the 
mucous membrane of the nose and to the skin which dries 
up and becomes chapped from too rapid loss of moisture. 
According to the comfort experiments first conducted at 
the A. S. H. V. E. Laboratory in the U. S. Bureau of 
Mines, Pittsburgh, and later studies at the Harvard School 
of Public Health in Boston, and the Minneapolis-Honey- 
well Regulator Company general offices in Minneapolis, 
effective temperature appears to be a fair index of com- 
fort also, but only within a humidity range of 30 to 60 
per cent, approximately. 

Definition of Effective Temperature 

Briefly, effective temperature may be defined as an 
arbitrary index of the degree of v/armth or cold felt by 
the human body in response to temperature, humidity, and 
movement of the air. Effective temperature is not a tem- 
perature at all; it is a composite index which combines 
the readings of temperature, humidity and air motion in 
a single value. The numerical value of the effective tem- 
perature index for any given air condition is fixed by the 
temperature of saturated air which, at a velocity or 
turbulence of 15 to 25 fpm, induces a sensation of warmth 
or cold like that of the given condition. Thus, an air 
condition has an effective temperature of 65 deg. when it 
induces a sensation of warmth like that experienced in 
practically still air at 65° F. saturated with moisture. 

OPTIMUM AIR CONDITIONS 

No single comfort standard can be laid down which 
would meet every need. There is an inherent individual 
variation in the sensation of warmth or comfort felt by 
persons when exposed to an identical atmospheric condi- 
tion. The state of health, age, sex, clothing, activity, and 
the degree of acquired adaptation seem to be the important 
factors affecting the comfort standards. 




60 70 60 frO 100 



DRV BULB TEMPCRATURE 

Comfort Chart; Comfort Line; Comfort Zone 

Above is shown a comfort chart, developed at the A. S. H 
V. E. Laboratory on which the average and extreme com- 
fort zones have been superimposed. The extreme comfort 
zone includes air conditions in which one or more of the 
experimental subjects were comfortable. The average 



comfort zone includes those air conditions in which the 
majority of the subjects (50 per cent or more) were com- 
fortable. That particular effective temperature at which 
the maximum number of subjects was comfortable was 
called the comfort line. 

The average winter comfort zone as determined at the 
A. S. H. V. E. Laboratory ranges from 63 deg. to 71 deg. 
ET (effective temperature), 97 per cent of the experi- 
mental subjects were found to be comfortable at 66 deg. 
ET while at rest, and this temperature was accepted as the 
winter comfort line or optimum effective temperature. 

The comfort line separates the cool air conditions to its 
left from the warm air conditions to its right. Under 
the air conditions existing along or defined by the cornfort 
line, the body is able to maintain thermal equilibrium with 
its environment with the least conscious sensation to the 
individual, or with the minimum physiologic demand on 
the heat regulating mechanism. This environment involves 
not only the condition of the air with respect to tempera- 
ture and humidity, but also the condition of the surround- 
ing objects and wall surfaces. The comfort zone tests 
were niade in rooms with wall surface temperatures 
approximately the same as the room dry-bulb tempera- 
ture. For walls of large area having unusually low surface 
temperatures, however, a somewhat higher range of 
effective temperature is required to compensate for the 
increased loss of heat from the body by radiation. 

The average summer comfort zone for exposures of 3 
hours or more ranges from about 66 deg. to 75 deg. ET, 
based on studies made at the Harvard School of Public 
Health. The probable optimum effective temperature (for 
exposures of 3 hours or more) is 71 deg. These effective 
temperatures average about 4 deg. higher than those 
found in winter when customary winter clothing was 
worn. The variation from winter to summer is probably 
due partly to adaptation to seasonal weather and partly 
to differences in the clothing worn in the two seasons. 

The best effective temperature (for exposures lasting 3 
hours or more) was found to follow the average monthly 
outdoor temperature more closely than the prevailing 
outdoor temperature. It remained at approximately the 
same value in July, August and September, and although 
the average monthly temperature did not vary much, the 
prevailing outdoor temperature ranged from 70° F. to 
99.5° F. A decrease in the optimum temperature became 
apparent only when the prevailing outdoor temperature 
fell to 66° F. which is below the customary room tempera- 
ture in the United States for summer and winter. 

APPLICATION OF COMFORT CHART 

The average winter comfort line (66 deg. ET) applies 
to average American men and women living inside the 
broad geographic belt across the United States in which 
central heating of the convection type is generally used 
during four to eight months of the year. It does not 
apply to rooms heated by radiant energy, and has not 
been advocated officially for use in foreign countries 
where the climate, heating methods, and general living 
conditions are materially different from those in the 
United States, although several foreign workers have 
attempted to show that it cannot be so applied. Even in 
the warm south and southwestern climates, and in the 
very cold north-central climate of the United States, the 
comfort chart would probably have to be modified accord- 
ing to climate, living and working conditions, and the 
degree of acquired adaptation. 

In densely occupied spaces, such as classrooms, theatres 
and auditoriums, somewhat lower temperatures are neces- 
sary than those indicated by the comfort line on account 
of counter radiation between the bodies of occupants in 
close proximity. In rooms in which the average wall 
surface temperature is considerably below the air tem- 
perature, higher air temperatures are necessary. The 
reverse holds true in radiant or panel heating methods. 
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The sensation of comfort, insofar as the physical 
environment is concerned, is not absolute but varies con- 
siderablv among certain individuals. Therefore, in apply- 
ing the" air conditions indicated by the comfort line, it 
should not be expected that all the occupants of a room 
will feel perfectlv comfortable. When the winter comfort 
line is applied in accordance with the foregoing recom- 
mendations, the majority of the occupants will be 
perfectly comfortable, but there will always be a few who 
will feel a bit too cool and a few a bit too warm. 

Air conditions lying outside the average comfort zone 
but within the extreme comfort zone may be comfortab e 
to certain persons. In other words, it is possible for half 
of the occupants of a room to be comfortable in air condi- 
tions outside the average comfort zone, but m 
majority of cases, if not in all, these conditions will be 
well within the extreme comfort zone as determined 
experimentally. 

The summer comfort line (71 deg. ET) is applicable to 
the same geographic area as the Nvinter comfort line. It 
is further restricted to cases in which the human body has 
reached thermal equilibrium with its environment. As a 
general rule this takes place after IV2 to 3 hours exposure. 
When a person from outdoors enters a room cooled to (1 
deg. ET on a hot day (95° F. or over) an intense chill is 
likely to be experienced which is unpleasant. However, 
after remaining in the room for about 2 hours, this funda- 
mental optimum condition will prove satisfactory to the 
averaere person. The summer comfort zone, as well as the 
comfort line, makes proper allowance for these adaptive 
changes in the body, and thus applies to homes, offices, 
schools and other similar places where persons of seden- 
tary occupations spend from 3 to 8 or more hours daily. 

In artificially cooled theatres, department stores, restau- 
rants, and other public buildings where the period of 
occupancy is short, the contrast between outdoor and 
indoor air conditions becomes the deciding factor in regard 
to the temperature and humidity to be maintained. Ihe 
object of cooling such places in the summer is not to 
reduce the temperature to the optimum degree, but to 
maintain therein a temperature which is temporarily 
comfortable to the patrons who thus avoid sensations of 
chill and intense heat on entering and leaving the build- 
ing The relative humidity should be low enough (about 
50 per cent or less) to give a sense of comfort without 
chill and to induce a rate of evaporation which will keep 
clothing and skin dry. For exposures less than 3 hours, 
desirable indoor conditions in summer corresponding to 
various outdoor temperatures are given in Table 1 



TABLE 1. ULSIUABLE INDOOR AIR CONDITIONS 
IN SUMMER TO OUTDOOR TEMPERATURES 

Applicable to Exposure Less Than 3 Hours 



Outdoor Temp. 
(Deg. Fahr.) 



Indoor Air Conditions with 
Dew-Point Constant 
at 57' F. 



Dry-Bulb 

100 

95 
90 

8b 

80 

70 



Effective Temp. 

74 
73 
72 
71 
70 
69 
68 



DEFINITIONS OF AIR-CONDITIONING TERMS 

Since any discussion of the application of automatic 
controls must necessarily include certain air-conditioning 
terms, it is believed that the inclusion of definitions of 
several of these terms common to air-conditioning will be 
advantageous. 

1. Dry Bulb Temperature 

The dry bulb temperature of the air is the temperature 
indicated by any type of thermometer not affected by the 
water vapor content of the air. 

2. Wet Bulb Temperature . ^ ^ 

The wet bulb temperature is determined by a ther- 
mometer with a bulb encased in a fine mesh fabric bag 
moistened with clean water and whirled through the air 
until the thermometer assumes a steady temperature. The 
wet bulb thermometer measures the equilibrium tempera- 
ture of water evaporating into air when the latent heat 
of vaporization is supplied by the sensible heat of the air. 

3. Dew Point Temperature . . . 

If a mixture of drv air and water vapor, initially unsat- 
urated, be cooled at constant pressure, the temperature 
at which condensation of the water vapor begins within 
the main body is called the dew point temperature. 

4. Relative Humidity . 

The ratio of the existing vapor pressure in air at a 
given dry bulb and wet bulb condition to the vapor pres- 
sure when saturated at the same dry bulb temperature is 
called the relative humidity of the air. 

5. Latent Heat r ^ 
The heat necessary to change a unit quantity of water 

into steam at constant pressure is called latent heat. 

6. Sensible Heat ^ , ^ , , . • j u 

Sensible heat is the heat which may be determined by 
a dry bulb thermometer. Changes in sensible heat will 
change thermometer readings. 

7. Total Heat , . ^ 

The sum of the sensible and latent heat of moisture is 
equal to the total heat and may be measured by a wet- 
bulb thermometer. 

PSYCHROMETRIC CHART 

Description of the Chart 

The chart offers an easy means of graphically illus- 
trating the change in the physical properties of Air as it 
passes through an Air-Conditioning system and serves its 
function of offsetting heating or cooling loads. 

The chart is frequentlv considered merely as a means 
of determining the functions of heat exchange within the 
conditioning unit itself. This interpretation is only par- 
tially correct since the physical heat transfer between air 
discharged from the unit and the air within the condi- 
tioned space may be carefully analyzed by use of the 

This heat transfer within the conditioned space is the 
basic principle around which air-conditioning systems 
must be designed. The conditioning equipment itself pro- 
vides only a means whereby the discharge air may be 
maintained at a level which will insure the proper type 
and amount of heat exchange within the space. 

Given any limits of operating conditions for an Air- 
Conditioning S.\ m it is possible to use the chart to 
determine the limits of possible results. Thus it is pos- 
sible to determine with accuracy the Automatic Controls 
which are best suited to insure those results. , ^ 

One form of Psychrometric chart is illustrated in deUil 
on page 6, and in skeleton form in Fig. 1. Since the chart 
is only a graphical means of representing the relationship 
between the properties of air it is possible to vary its 
arrangement without effecting its value. The chart as 
illustrated is only one of several types available While 
the means of dr ^r rmining values on this chart will not De 
applicable to all types the values themselves may be 
interpreted similarly. 
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Fig^ure 1 



DESCRIPTION OF THE PSYCHROMETRIC CHART 



This chart is so desij^ied that the ordinary air-condi- 
tioning processes may be represented by straight lines. 
Following the customary procedure, all values given are 
based on an air quantity of 1 lb. of dry air. The two 
main scales of the chart are the dry bulb scale shown 
at the bottom of the chart and the scale entitled "Grains 
of Water Vapor per lb. of Dry Air" at the right hand 
margin of the chart. The lines of constant dry bulb tem- 
perature slope upward and to the left from the lower 
scale, and the saturation line is the curved line at the left 
of the chart. Lines of constant relative humidity are the 
cu^^^ed family of lines running somewhat parallel to the 
saturation line. All horizontal lines running to the right 
from the saturation line are lines of constant moisture 
content, constant dew point and constant vapor pressure. 
The vapor pressure is read in inches of mercury on the 
vapor pressure scale. Between the dry bulb and the 

DBL — Dry Bulb Line 
UHL— Relative Humidity Line 
WBL^Wet Bulb Line 
SL — Saturation Line 

GM— Grains of Moisture per lb. of dry air 



horizontal lines is another family of slanting lines labeled 
"Wet Bulb" lines. The intersections of the wet bulb lines 
or the dry bulb lines with the saturation curve also rep- 
resent corresponding dew point temperatures. Super- 
imposed on these systems of lines is another series 
representing constant density of the air and water vapor 
mixtures. Around the periphery of the chart is a scale 
showing the slope of the sensible to latent ratios involved 
in changing the condition of the air from one point on the 
chart to any other point on the chart. The reference point 
for the use of this scale is the circled dot which will be 
noted at the intersection of the zero grains per lb. line 
and the 60 degree dry bulb temperature line. Fig. 1 
shows a skeleton psychrometric chart which illustrates 
the various lines referred to in the discussions. These 
lines are as follows: 

TH — Total Heat scale 

VP Vapor Pressure in inches of mercury 

CD — Constant Density 
S-L— Sensible to Latent heat ratio 
SGD— Silica Gel Drying 
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EXAMPLES IN THE USE OF THE PSYCHROMETRIC CHART 



The Psychrometric chart may be used to make two 
separate types of determinations: 

1. The yaluea of the yaiious properties of air under a fiied set of 
conditions. 

2. The change in values of the various properties of air under a 
chan^ng set of conditions* 

I. Properties of Air Under Fixed Conditions 

In testing an Air-Conditioning System a sling psychro- 
meter is used to determine that the dry bulb temperature 
is 80"* F. and the wet bulb temperature is 67** F. 

a. Question: What is the relative Humidity? 

Solution: Referring to Fig. 2 a line is drawn down- 
ward to the right along the 67** **Wet Bulb" line to 
intersect the 80** dry bulb line at point "A". The rela- 
tive humidity is read directly on the family of '^Relative 
Humidity" curves and is found to be fifty per cent. 

b. Question: What is the dew point? 

Solution : From point "A" a horizontal line is drawn 
to the left until it intersects the saturation curve at 
**B" — the dew point is then read directly from this 
curve and is found to be sixty and one-half degrees F. 



e. 



Question: What is the Vapor Pressure? 

Solution: From point "A" a horizontal line is drawn 
to the right until it intersects the scale labeled "Vapor 
Pressure in inches of water" at **C". The vapor pres- 
sure is read directly from this scale and is found to 
be .53 inches of Mercury. 

Question: How many grains of Moisture are there in 
each pound of Air? 

Solution: Note the point of intersection at point "D" 
of the line drawn from "A" in the previous solution 
with the first scale on the right hand side of the chart. 
The grains of moisture per pound of air is read 
directly from this chart and is found to be seventy- 
eight grains per pound. 

Question: What is the total heat above zero degrees 
in B.T.U. per lb. of dry air? 

Solution: Follow the 67** wet bulb line from point 
"A" until it intersects the saturation curve at "E". 
Read on the scale marked "B.T.U. per lb. of dry air 
corresponding to W.B." The total heat is then found 
to be 31.2 B.T.U. per lb. 
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II. Changes in the Properties of Air with Changes in 

Conditions 

In Air-Conditioning there are five changes of conditions 
which are of primary interest. They take place when the 
following functions are performed: 

1. Heatlnt Air. 

2. CooUng Air below Its dew point. 

3. Adlabatlc Saturation. 

4. Mixing Air at two different conditions. 

5. Slllca-gel adlabatlc drying. 

Heating Air , 

Referring to Fig. 3, "A" represents the condition of a 
quantity of air at 75' dry bulb and 62.5' wet bulb. 

To show the change in conditions in heating the air to 
100° dry bulb project a straight horizontal line to the 
richt until it intersects the 100° dry bulb line at B . 
This line is horizontal due to the fact that moisture is 
neither added nor removed from the air during the 
process. All conditions of this heated air may be read from 
the chart from the location of point *'B". 
Cooling Air Below Its Dew Point 

If a horizontal line is projected to the right from point 
"A" Fie. 3, it will interesect the "Grains of Water Vapor 
per pound of dry Air" scale at 65, represented by 

point **C". , . ^. • 1. u « 

If the Air at "A" is cooled to the saturation point by a 
heat transfer surface not colder than its dew point the 
change in its properties may be represented by a hori- 
zontal line to the left intersecting the Saturation Curve at 
-D". It should be noted that "D'' lies at the intersection 
between the 65 Grains of Water Vapor line, and the 55 



2. 



3. 



dry bulb temperature line. Therefore this process has 
been carried on without changing the moisture content. 

If, however, the air at condition "A" is cooled by a 40 
F. spray, the process is represented by a straight line 
from *'A" to the point where it intersects the 40 dry bulb 
line on the saturation curve. This point is shovvn at E . 

If a horizontal line is now projected to the nght from 
"E" it will intersect the ''Grains of Water Vapor' curve 
at *'F", which shows that the air at this new condition has 
only 37 Grains per pound. From this it is shown that: 

1. Air may be cooled to its dew point without a loss In moisture. 
Wiien air is cooled below Its dew point its moisture content 
is reduced. 

When air is cooled by contact with a surface the temperature of 
which is below the dew point of the air. its moisture content Is 
reduced. 

Adiabatic Saturation 

Adiabatic saturation is defined as the process of satu- 
rating air with water vapor without adding or subtracting 
heat, in other words, at a constant wet bulb temperature. 

To illustrate this process refer to point "A Fig. 3. It 
will be noted that "A" lies on the 62.5 wet bulb line. If 
the air at "A" is saturated adiabatically, as it may be m 
passing through an air washer, the changes in its proper- 
ties may be represented by projecting a line from A 
along the 62.5 wet bulb line until it intersects the satura- 
tion curve at *'G". During this process: 

1. The dry bulb temperature has dropped from 75* to the wet bulb 
of 62.5. 

The wet bulb has remained constant at 62.5. Since the total 
heat value has not changed, it is obvious that part of the sensible 
heat has been changed to latent heat. 

The ^alns of water vapor per pound have Increased from 65 
to 85. 



2. 



3. 
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Mixing Air at Different Conditions 

It is desired to mix 10 pounds of air at condition **A", 
Fig. 3, with 30 pounds of air at condition **H'*, and to 
determine the condition of the mixture. 

Condition *'H" represents a dry bulb of 91° F., a wet 
bulb of 72° F. and 89 Grains of water vapor per pound. 

It has been previously determined that point "A" rep- 
resents a dry bulb temperature of 75°, a wet bulb tem- 
perature of 62.5° and 65 grains of water vapor per pound. 

The condition of the mixture may be determined by 
arithmetic average as follows: 

(a) Dry Bulb (sensible heat): 

.3 (90) 1 (75) 

+ = 86.3° 

4 4 

(b) Grains of Water Vapor (latent heat): 

3 (87) 1 (65) 

+ = 81.3 grains 

4 4 

Point I, Fig. 3, falls at the only point on the chart which 
will satisfv all of these values. Point I is also % of the 
length of "A H" from A, and ^ of the length of *'A H" 
from H. 



From this fact it is determined that mixing of air in 
any proportions can be represented by straight lines join- 
ing the points involved. When unequal quantities of air 
are mixed, the mixed air condition is inversely distant 
from the ends of the line in proportion to the per cent of 
the total air represented by each of the two ends. 

Silica-gel Adiabatic Drying 

Air enters a silica-gel unit at 80 degrees dry bulb and 67 
degrees wet bulb and is de-humidified until 20 grains per 
lb. are left in it. What will be the temperature of the air 
leaving the silica-gel dryer under equilibrium conditions? 
From the 80 degree dry bulb and 67 degree wet bulb points 
draw to the right, parallel to the imaginary line from the 
silica-gel adiabatic drying line to the reference point at 
60 degree dry bulb and zero grains per lb., to intersect the 
20 grains per lb. line and read the dry bulb temperature 
as 124 degrees Fahrenheit leaving air temperature. 

The fundamentals illustrated in the foregoing examples 
will be utilized in analyzing actual air-conditioning sys- 
tems. 

In the following sections an analysis of the basic oper 
ating characteristics of typical systems is made in orde' 
that definite conclusions regarding the limitations of con 
trol equipment may be drawn. 



THE HEATING CYCLE 



In winter air-conditioning systems separate equipment 
is usually employed to provide the functions of heating 
and humidifying. 

When a thermostat calls for heat, the equipment is 
called into action to produce heat only. It produces no 
change in the moisture content of the conditioned spaces. 
As has been previously shown with reference to the chart, 
this simple heating process is represented by a horizontal 
line between the two temperatures involved. Thus, if air 
enters a heating coil at a temperature of 65** F. and leaves 
at a temperature of 110*" F., its path on the chart is rep- 
resented by a horizontal line between a point on the 65** 
dry bulb line and the 110' dry bulb line. The height of 
this line on the chart will be determined by the moisture 
condition of the air as it enters the coil. Without excep- 
tion, the heating cycles with which we are concerned in 
the application of air-conditioning may be represented by 
horizontal lines of this type. 

Humidification is accomplished by the vaporization of 
water, which process always requires heat from some 
source. This heat may be added to the water prior to the 
time vaporization occurs, or it may be obtained by trans- 
forming a portion of the sensible heat of the air being 
humidified to latent heat as the vapor is added to the air. 

In accomplishing this function the air may be brought 
into intimate contact with the water by: 

1. Breakinil the water into a fine mist by means of sprays. 

2. PaMin^ the air OYer surfaces continually wetted by water. 

3. Combining sprays and wetted surfaces. 

4. Heating water in open pan. 

5. Steam jet. 

Spray type humidifiers may be arranged to: 

1. Use recirculated spray water without preheating the air. 

2. Use recirculated spray water and preheat the entering air. 
3 Use heated spray water. 

4. Use unheated spray water, not recirculated. 

When recirculated spray water is used and the air is 
not preheated, the heat required for the process of humidi- 
fication must be obtained by converting a portion of the 
sensible heat of air into latent heat. Theoretically, the 
air leaving the washer and the spray water should be in 
exact balance at the wet bulb temperature of the entering 
air. 



Since the wet bulb conditions of the entering air may not 

be constant, it is possible for the moisture content of the 
air and, of course, its final relative humiidty to fluctuate. 

To prevent this fluctuation it is desirable to preheat the 
air to a temperature which has been computed as satis- 
factory. When this method is used, there is better assur- 
ance of the actual moisture content of the air leaving the 
humidifier. 

In some cases the spray water itself is heated to the 
desired wet bulb temperature of the leaving air. In this 
type of installation, the heat transfer is from the water 
to the air being humidified and if the system is 1009c 
efficient, the air will leave the humidifying chamber satu 
rated at the temperature of the spray water. 

The systems discussed above have been based on th( 
use of recirculated water or water heated to a fixed tem- 
perature for spray purposes. They have also been con- 
sidered as 100% efficient. The degree of efficiency of the 
washer type system will depend upon the arrangement of 
spray nozzles, the velocity of air through the chamber, and 
other physical characteristics which must be considered 
on each specific installation. 

Many air-conditioning systems utilize a spray type 
humidifier which will consist of a single bank of spray 
heads using no recirculated water. These spray humidi- 
fiers do not saturate the air as completely as the washer 
type and the results obtainable from them cannot be as 
constant. If the water used is allowed to fluctuate in tem- 
perature, it is impossible to accurately determine the final 
leaving wet bulb temperature of the air. 

In all of the humidifying systems discussed above it is 
usually necessary to provide some means of reheat to 
bring the final discharge air conditions to the proper level. 

Fig. 4 represents a graphic interpretation of the changes 
in the physical properties of air as it passes through a 
winter conditioning system arranged to provide: 

1. Mixture of outdoor and return air In fixed proportions In a ple- 
num chamber. 

2. Preheating of the mixture. 

3. Humidification with a washer type humidifier. 

4. Reheat with steam heating colls. 
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It is required that room conditions be maintained at 
72° F. and 40% relative humidity when the outside dry 
bulb temperature is 32° and the wet bulb is 27°. Because 
of an extreme problem of ventilation, it is specified that 
2/3 outdoor air and 1/3 return air be used. 

Point "A" represents the desired room condition and 
point "B" that of the outdoor air. Point "C", one-third of 
the way from "B" on the line "A B", represents the 
condition of the mixture. 

Since this mixture is at a low temperature, it is neces- 
sary to raise its temperature in the preheater to such a 
point that proper humidification will be insured. The 
change in the properties of the mixture as it passes 
through the preheater may be represented by a horizontal 

line to the right from "C". 

It is determined that a dew point of 50° is sufficient to 
provide for the moisture losses from the room, and since 
humidification in the spray type washer takes place at a 
constant wet bulb temperature, it is necessary to preheat 

the air to a 50° wet bulb. 

The limit of the change which must take place in the 
preheater can, therefore, be represented by the intersec- 
tion of the preheat line with the 50° wet bulb slope at "D". 

As the air leaves the preheater it enters the humidifier 



and is saturated, if the washer is 100% efficient, without 
change in wet bulb temperature. The change in its prop- 
erties may be plotted by following the 50° wet bulb Ime 
from "D" to the point where it intersects the saturation 
curve at "E". It should be noted that the dry bulb tem- 
perature has been reduced because of the evaporative 

cooling effect in the washer. 

The final step in the conditioning process involves the 
function of reheat which takes place at a consUnt mois- 
ture content and is represented by the line "E F". Point 
"F" must be varied as the sensible heat loss from the con- 
ditioned space fluctuates. Thus the point "F" will be fur- 
ther to the right under extreme load conditions and 
further to the left as the weather becomes mild. 

Conclusions: ..... 

1 The capacity of the heating and humidifying equip- 
ment must be sufficient to reach the limits as illus- 
trated by points "D", "E", and "F". 

2 Controls must be provided to maintain these limits 
if the specified room conditions at "A" are to be held 
constant under all loads. 

Methods for effecting such control sequences are dis- 
cussed in detail under the chapter on "Central Fan Heat- 
ing Systems," page 18. 
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THE COOLING CYCLE 



In cooling cycle air conditioning installations the regu- 
lation of temperature and moisture content of the air is 
commonly accomplished simultaneously by the same piece 
of equipment. 

Conditioning units which utilize a chilled water spray or 
cooled finned surfaces seldom provide any marked degree 
of cooling without at the same time dehumidifying the 
air. Likewise, it is impossible to do any considerable 
degree of dehumidification with this type of equipment 
without at the same time materially cooling the air. The 
reasons for these facts will be brought out in the psychro- 
metric analysis of cooling cycle equipment. 

In applying controls to summer conditioning systems it 
should be remembered that an instrument such as a therm- 
ostat which reacts only to changes in temperature causes 
the air conditioner to produce changes in humidity as well 
as changes in temperature. Frequently the fluctuations of 
the uncontrolled factor may be» of far greater importance 
than any fluctuations likely to occur in the controlled 
factor. The actual amount of cooling and dehumidifying 
which must be accomplished will naturally vary from job 
to job. Likewise, the amounts of each relative to one 
another will vary in accordance with the type and location 
of the installation. 

In order that the factors of dry bulb temperature and 
moisture content of the air be maintained within reason- 
able limits, it is necessary to determine for each installa- 
tion the relation between the amounts of dry bulb cooling 
and dehumidifying which must be provided. A convenient 



index of the balance between these two cooling require- 
ments has been established and is referred to as the S/L 
ratio. 

The S/L ratio may be mathematically computed by 
dividing the sensible heat to be extracted in BTU's by 
the latent heat to be extracted in BTU's. 

This ratio is frequently interpreted to represent some 
balance between the sensible and latent heat removed by 
the cooling surface in the conditioner, but in this discus- 
sion it shall refer to the ratio of heat removal required in 
the room. Actually the heat transfer takes place when the 
air discharged from the conditioner unit mixes with the 
air within the conditioned space. 

The temperature and moisture content of the air dis- 
charged from the conditioner unit is usually below that 
of the air within the space. The discharge air is there- 
fore capable of soaking up both sensible heat and moisture 
as it mixes with the room air. The relative amounts of 
sensible heat and moisture which will be transferred dur- 
ing this mixing process will determine the final dry bulb 
temperature and relative humidity which will be main- 
tained. 

The ratio of the BTU values corresponding to changes 
in dry bulb temperature and to changes in grains oi 
moisture are utilized to establish the S/L scale. A line 
from a point on this scale to the reference point at the 60** 
mark on the bottom of the chart gives the slope of the 
corresponding S/L line on the chart. Any other parallel 
line on the chart represents changes at this S/L ratio. 
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V 



Figure 5 illustrates the changes which take place in an 
air conditioning system of the recirculating type wherein 
it is desired to maintain room conditions at 80^ dry bulb 
and 66"* wet bulb temperature. 

The sensible load has been computed at 300,000 BTU's 
per hour. The latent load is equivalent to 150,000 BTU's 
per hour. The S/L ratio or the relation between sensible 
and latent heat to be removed is therefore 2.0. Each lb. 
of air that is discharged by the conditioning system must 
therefore be able to absorb twice as much sensible as 
latent heat as it mixes with the room air. 

Point **A" represents the desired room conditions and a 
line drawn thru ^'A" parallel to the 2.0 S/L slope will 
indicate the S/L relationship for the conditions under 
consideration. It is determined that the cooling equipment 
is of sufficient capacity to insure the delivery of air^ at 
55° dry bulTb and 52° wet bulb as represented by point "R" 
on Figure 5. 

It should be noted that point ''B'' falls on the S/L slope 
drawn thru "A". 

For purposes of analysis it may be assumed that as the 
air discharged from the cooling equipment at condition 
"B" mixes with the room air as represented by point "A", 
cooling may be considered in two steps: 

Sensible cooUna performed by the dlscharfie air wherein its dry 
bulb temperature is raised without chan^inft its moisture con- 
tent 



2. 



Latent coollnli performed by the discharge air wherein Its mob- 
ture content is raised with no change in Its dry bulb tempera 



cure. 



The line **DC'* represents the first step in cooling the 
room wherein the dry bulb temperature of the discharge 
air is increased without changing its moisture content. 
Lines **BF'' and **CE" represent the total heat in BTU per 
lb. of dry air at the two respective conditions. It is noted 
that in removing sensible heat from the room the BTU 
per lb. of discharge air has been increased from 2L5 to 
27.5. 

Step No. 2 is represented on the chart by the line **CA" 
which shows the moisture content of the air as it increases 
from 54 grains of water vapor per lb. to 73 grains of water 
vapor per lb. thus absorbing moisture from the room. 
Since both "A" and "C" fall on the 80" dry bulb line, no 
change in dry bulb temperature has been effected. Lines 
*'AD*' and "CE" represent the toUl heat at the two respec- 
tive conditions and it is noted that in removing the mois- 
ture from the room, the BTU per lb. of discharge air has 
been increased from 27.5 to 30.5. 

Therefore the ratio between heat removed in sensible 
cooling to the heat removed in latent cooling is 6/3=2.0. 

Since the load has been computed to represent a 2.0 
S/L ratio, it is obvious that sensible and latent heat are 
being removed in the proper proportions. 

Any other point along the line '*A-G" may be shown to 
provide the same ratio of heat removal. In other words, 
the air discharged from the conditioner must fall on this 
straight line in order to remove the proper proportions of 
sensible and latent heat. 



The actual amount of air to be delivered from the con- 
ditioner is determined by the dry bulb temperature of the 
discharge. For example, the amount of air discharged 
may be determined by applying the formula: 

B. T. U. 

=Lbs. air per hour 



(Specific Heat) x (Temp. Diff.) 
Substituting the values given in the 



example, the 



formula becomes: 
300,000 



:50,000 lbs. air per hour 



0.24 X (80-55) 

Converting lbs. of air per hour to CFM: 
50,000 

=11,100 C.F.M. 

.075x60 

Since it has already been demonstrated that sensible and 
latent heat will be removed in the correct proportions, it 
is then evident that 11.100 C.F.M. delivered by the con- 
ditioner at a dry bulb temperature of 55" F. and a wet 
bulb temperature of 52" F. will maintain the desired room 
conditions so long as the sensible load remains equivalent 
to 300.000 BTU's per hour and the latent load 150,000 
BTU's per hour. 

The same conditions could be mainUined if air were 
delivered at any other point along the line "A-G" provided 
that the total (luantity of air handled is changed sufficient- 
ly to provide the required amount of cooling . 

Coil Temperatures 

Referring again to Figure 5 it will be noted that if the 
S/L ratio line is extended, it will intersect the saturation 
curve at point "G" representing 45°. This point approxi- 
mately represents the average surface temperature of a 
fin coil which will be required to provide a discharge tem- 
perature which will fall on the S/L slope drawn thru "A". 

The characteristics of a fin type coil indicate that only 
a portion of the air is brought into intimate contact with 
the finned surfaces, the balance passing between these 
surfaces without being appreciably cooled. The discharge 
temperature from a finned coil would therefore represent 
a mixture of cooled air at 45" and recirculated air at 
condition *A". The point on the line "A-G" correspondmg 
to this mixture will be determined entirely by the efficiency 
of the coil. 

Conclusions: 

I. To maintain bath tempi-rature and relative humidity at Bp^cifi^d 
t^lur*. air must be delivered at a condition repremmnfd by Bome 
point falling on thm Btraight line on the pByrhomrtrtc chart 
draxcn thru the room condition at the required S/L Blope 

2 The termuxaiiun of thU line at the Baturation curve repre»ent» 

thm approximate average fin temperature required to give the 

desired S/L ratio. 
3. The total CFM required U determined by tfxe poBition of the 

point on thU line repreeenting the eondttinn of th. leaving 

ttte rail. 

The use of these theoretical determinations will be 
illustrated in the following analysis of typical summer air 

conditioning systems. 
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AIR WASHERS 
Pig. 6 provides a graphic illustration of the changes in 
a quantity of air passing through a washer type cooling 
unit. 

The equipment under consideration is arranged with a 
circulating fan, duct system, and a spray type washer 
around which a return air bypass is constructed. For 
purposes of this illustration consideration of outdoor air 
mixtures is omitted. 

The system under discussion is required to maintain 
room conditions at 80** and 50%. The sensible load is 
Computed at 240,000 BTU's sensible and 160,000 BTU's 
b tent. 

/ nalysis: 

The S/L ratio is found bv the equation 
240,000 

=S/L=1.5 

160,000 

The slope of this ratio is shown on Fig. 6. Point "A" 
represents the desired room conditions of 80° and 50%. 
Since 1% times as much sensible heat as latent heat must 
be absorbed from the conditioned space if the desired con- 
ditions are to be maintained at **A", it is obvious that the 
temperature of the delivered air must be somewhere on 
a line from "A'* parallel to the S/L slope. 

Since air may be considered as leaving a washer in a 
saturated condition, the point of intersection between a 
line through **A" parallel to the S/L slope and the satura- 
tion curve will indicate the water temperature necessary 
to meet the specified load condition. This point at "B" 
iiidicating that the required washer temperature is 40**. 



The line " A-B" indicates the change in condition of the 
air after it leaves the washer and absorbs heat from the 
conditioned space until it comes into perfect balance with 
the conditioned space at the desired room conditions. 

Since a portion of the return air is being by-passed 
around the washer, the temperature of the air leaving the 
conditioner will be determined by the standard "Mixed 
Air" procedure and will fall at some point **D'' on the line 
"A-B". The location of **D" relative to *'A" and '*B" will 
depend upon the relative proportions of air passed through 
and around the washer, as previously described. 

It should be noted that the air at '*D" is considerably 
below the saturation point and one value of the by-pass 
in this type of system is that it prevents saturated air 
from being discharged into the room. 

When the variations in sensible and latent load which 
will be encountered are unknown on an installation where 
this type of equipment is to be used, it is impossible to 
guarantee both temperature and humidity conditions. 

It would be quite possible to expect a constant tempera- 
ture or a constant humidity even with simple air washer 
equipment without reheat, but maintenance of constant 
humidity might often result in uncomfortably low tem- 
peratures. 

Where it is possible to use re-heat, the air may be 
cooled to a point which would normally fall away from the 
computed S/L slope. When this occurs, the addition of 
heat through re-heater coils will in effect raise the sensi- 
ble load to such a point that a new S/L ratio may be es- 
tablished which will allow the design conditions to be met. 
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FINNED COIL AIR CONDITIONING EQUIPMENT 

In addition to the air washer type summer air con- 
ditioning equipment discussed above, many systems utilize 
finned coils to provide the functions of cooling and de- 

'Tome^'orm • of refrigerant is circulated through these 
coils, thus reducing the surface temperature sufficiently 
S provide cooling and dehumidification of air passed over 

"'in "making a psychrometric analysis of systems using 
tinned coils, the average fin surface temperature replaces 
the average water temperature as described in the air 

"^^'bvLrsr^hY -7;age water temperature is easily 
measured while the average temperature of a finned 
surface is difficult to determme. This average surface 
teranerature is affected by the temperature of the re- 
frSSInt fn the tubes of the coil and also by the cooling 
fold on 'the fins. Under conditions of high heat transfer 
through the fins, the temperature rise from the refriger- 
ant to^he tube surface will be higher than under light load 
conditions. Likewise, the temperature rise along the fins 
away from the tubes will be greater under the heavy load 

'° The' discussion of the finned type coil air conditioners 
must be considered under two separate classifications. 

1 Those units in which refrigerant is supplied at a 
substantially constant temperature regardless of load 
conditions _^ ^^^^.^^ refrigerant temperature is 

affected by the total load on the system, or is varied by 
mechanical control means. 



UNITS USING WATER OR BRINE COILS 

Fig. 7 illustrates the changes in a quantity of Air pass- 
ing through a unit Air-Conditioning system employing 
chilled water coils as the heat exchange medium. Water 
is delivered to the coils from a cooler tank in which the 
water is maintained at a constant temperature by controls 
acting directly upon the mechanical refrigeration equip- 
ment: Air is circulated over the coils at a fixed velocity. 
The load within the conditioned space is computed at 
250 000 B.T.U.'s sensible and 100,000 B.T.U.'s latent. The 
specifications require that room conditions be maintained 
at 80° dry bulb and 50% relative humidity. 

Analysis 

Point "A" on Fig. 7 represents the desired room condi- 
tions of 80° and 50%. The S/L ratio is computed as 
follows: 

250,000 

= S/L = 2.5 

100,000 

Therefore the slope of the S/L ratio may be graphically 
represented by drawing a line from the reference point 
on the dry bulb temperature scale to the 2.5 mark on the 
S/L scale. 

A line drawn through point "A" parallel to the S/L 
slope will intersect the saturation curve at a point which 
will represent the average fin temperature which will 
maintain the specified room conditions under the computed 
load balance. From the chart this temperature is found 
to be 53°. 
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It should be noted that as long as the ratio between 
sensible and latent load reniains 2.5 no other average fin 
temperature will maintain the exact room conditions, since 
it is not possible to draw a line between **A" and any other 
point on the saturation curve which will at the same time 
be parallel to the S/L slope 2.5. 

When a coil of the finned type is used the discharge 
temperature from the coil is always higher than the aver- 
age coil surface temperature. This may be explained by 
assuming that only a portion of the air is in intimate con- 
tact with the fin surface, and the remainder passes 
through the openings between fins without being appre- 
ciably effected. The discharge temperature would then re- 
sult from a mixture of return air and conditioned air, and 
the temperature of this mixture might be determined by 
the standard air mixture procedure. On Fig. 7 this value 
is represented by point **C". 

As the total air-conditioning load decreases the S/L 
ratio usually decreases. When this occurs it is necessary 
to change the coil temperature of the unit correspondingly 
if the room conditions are to be maintained. If the refrig- 
erant temperature is constant one way to slightly effect 
this change is through varying the velocity of the air pass- 
ing over the coil. This will result in a reduction of the load 
on the coil and a consequent decrease in average fin tem- 
perature to some point **E", shown on the chart as 48°. 
With this lowered coil temperature it is possible to main- 
tain room conditions when the S/L ratio has decreased 
to 1.9. This is determined by drawing a line parallel to 
**AE" through the reference point and noting its point of 
intersection with the S/L scale. Varying the air velocity 
has a much more decided effect in systems using direct 
expansion coils. 

Frequently an operating sequence is specified wherein 
dry bulb temperatures are to be reduced during mild 
weather conditions, but relative humidity maintained at 
ihe same level. Point D represents a specified condition 
of 75"* and 50% relative humidity. 

It should be noted that an S/L slope drawn parallel to 
either "BD" or "ED" would result in an S/L ratio higher 
than 2.5. This means that to provide the conditions at **D" 
the latent heat load would necessarily have to be reduced 
with respect to the sensible load. This, however, is con- 
trary to actual conditions, since in mild weather the need 
for dehumidification tends to increase with reference to 
the requirement for cooling. 

Conclusions 

1. A control system should not be specified to main- 
tain both lowered temperature and humidity dur- 
ing mild weather unless reheat is provided. One of 
the two factors may be controlled at a reduced level, 
but the second will fluctuate within the limits of the 
conditioning equipment. 

2. Adequate control equipment should be provided to 
maintain water temperatures constant and also to 
vary the velocity of air over the coil with respect to 
temperature changes. These systems are discussed 
in detail under Central Fan Cooling System, page 32. 



UNITS USING VARIABLE TEMPERATURE 

— REFRIGERANTS — 

In addition to the units discussed above, many systems 
are so arranged that the refrigerant temperature is varied 
under the control of the desired room conditions or else is 
automatically varied as the load changes due to the natural 
reactions of the various portions of the system. Chief 
among these systems are the direct expansion refrigera- 
tion systems. The majority of direct expansion systems 
utilize a constant speed compressor to maintain a low 
temperature in the cooling coils. It is a characteristic of 
such systems that the greater the load on the cooling coils, 
the higher will be the temperature of the refrigerant in 
the coils and the greater will be the capacity of the com- 
pression equipment. This fact works out to our advantage 
in air conditioning work. 

The changes in refrigerant temperature that take place 
on a mechanical refrigeration system as the result of vari- 
ation in machine capacity, air volume, coil area, or re- 
frigerant flow can be made use of to very good advantage 
to provide desirable conditions through the entire range 
of cooling requirements. Directing these characteristics 
in the proper channel is a function of the control applied 
to the installation. Following are some examples of the 
effects of various methods of capacity reduction on a re- 
frigeration system. 




Figure 8 



1. Single Coil Installation— "On-Oflf" Control 
Fig. 8 illustrates the condition resulting from this type 
of control. Assuming that the installation under consid- 
eration has an S/L ratio of 2.5 under the most severe load 
conditions, it will usually be found that under mild load 
conditions the S/L ratio is much more severe, i.e. usually 
more latent cooling is required in proportion to sensible 
cooling at light loads. 

We can assume therefore that under a mild weather 
condition the extreme S/L ratio will be 1.75. With an 
"On-Off" control system, point **B" will represent the coil 
temperature under maximum load condition. Under mild 
weather conditions there will be a slight drop in coil tem- 
perature due to the decrease in the entering wet bulb 
temperature. This would be represented at point "C." 
Assuming that we wish to maintain the temperature con- 
stant along line ''A-A," then under maximum load condi- 
tions the room conditions maintained will be represented 
by point **D'' (projecting the line on an S/L ratio of 2.5 
from point "B"). 
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Then under mild weather conditions our room conditions 
would be as represented by point "E" (projecting a line 
7rom potnt "C" along a ratio line of 1.75). It is obvious 
therefore that under mild weather conditions with a more 
severe S/L ratio, that in maintaining the room tempera- 
ture at the sam^ level an increase in relative humidity 
conditions ^vill result. 

2. Variation of Air Volume 

Another very common method of reducing the capacity 
of the coil and the rate of cooling is accomplished by re- 
ducing the amount of air passing over the coil. This is 
accomplished by means of dampers located in fron of or 
adjacent to the coil which are controlled in a "^odulating 
manner from room temperature or humidity. Under the 
extreme load conditions the coil temperature would be as 
represented by point "B" (figure 9) and therefore wi h 
an S/L ratio of 2.5, the room conditions mamtamed would 
be as represented by point "D" since the temperature ,s 
being maintained constant along line A-A . 




Figure 9 

es?4ttg^?hf air^vfrlhe^^^^^^^^ is 
SSusTertl^loId^rth^coil will be — ^^^^^ 
reduced. A reduction in coil temperature will result. The 
exteS to which the coil temperature can drop is hmited 
bv the refrigerant temperature at which frost will ac- 
cumulate o^the coils. Therefore at a definite sue ion 
pressure representing this limiting condition it is usual 
practice to cut off the refrigerating machine in order to 
prevent this frost accumulation. 

S^tem. It is found possible to reach lower coil tempera- 
tures with the Modutron system in view of the fact that 
Se rate of air flow over the coil is not reduced whi e m 
varying the air flow over the coil, the reduction in rate of 
air flow will cause frost to accumulate at a slightly higher 
coil temperature. 

If the S/L ratio for mild weather conditions is again 
1.75, we find that the room conditions maintamed under 
this' load will be as represented by point "E". 

It should be noted that it is possible to obtain lower 
relative humidity condit s with the system that varies 
the air volume than is possible with the single coil system 
(Fig. 8). 



3. Adjustment of Machine Opacity 

The refrigerating effect can in many cases be controlled 
by reducing the capacity of the refrigerating machme. 
This reduction can be made through the control of van- 
able speed motors, variable speed drive mechanisms or by 
the adjustment of throttle on gas driven engine drives. 
Two-step adjustment of machine capacity is very common 
and is accomplished by the use of two-speed motors, mul- 
tiple condensing units, clearance pocket control or cyhnder 
by-pass control. Frequently several machines ^ill be in- 
stalled and sometimes each machine will have fiiither 
means for adjusting its capacity which will provide a 
number of steps of capacity reduction. 




Figure 10 

Fig. 10 illustrates the effect of the adjustnient of ma- 
chine capacity in the case of a two-step adjustment (such 
as t^o-speed motor control, clearance pocket or cyluider 
by-pass). Under maximum load conditions the coil tem- 
perature would again be some point such as "presented 
by point "B" and with an S/L ratio of 2.5, we find that 
again the room conditions would be as reP'-^f^t^'J^^y 
Doint "D" where we are maintaining the dry bulb tem- 
perature along line "A-A". If the machine capacity is 
Sropped to a fower point, an increase of coil temperature 
will result. Therefore, under mild load conditions if this 
type of installation were controlled by temperature alone, 
the coil temperature would rise to some point such as rep- 
resented by point "C". With an S/L ratio of 1^75 we can 
then determine that the room conditions maintamed under 
mild load conditions would be a point such as represented 
bv point "E". It is apparent therefore that in controUmg 
a system of this type from a simple two-step thermostat 
that frequently the control ^vill be improper by reason of 
the fact that the relative humidity maintained will suffer 
an increase during mild load conditions where the problem 
of keeping relative humidity within limits is usually most 
severe. 

A system of this type should include a humidity con- 
troller which would have the power of determining the 
speed at which the motor operates or of determmmg the 
capacity level. In this case the use of such a humidity 
controller would cause the machine to be operated on 
maximum capacity under this particular load condition «> 
that with the same S/L ratio of 1.75 we ^'ould find (ex- 
tending a line from point "B" at a ratio of 1.75) that the 
room conditions would be at some point as represented by 
point "F". 
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The use of such a control will also permit within the 
limits the maintenance of relative humidity at a desired 
point, as obviously if the desired relative humidity falls 
some place between point **E" and point **F", partial oper- 
ation at first one point and then the other as determined 
by the relative humidity control would result in a net rela- 
tive humidity some place between the two points as re- 
quired. 

In any of the examples cited above, it is obvious that if 
the dry bulb temperature is to be maintained at a desired 
point, then it is possible to control the relative humidity 
only dowTi to the point which is determined by the S/L 



ratio which is effective for that particular load condition. 
The minimum coil temperature is limited by the design^ 
of the installation. Therefore, in order to maintain rela- 
tive humidities at any lower point on the line "A-A" in 
any of the systems described above, it is clearly necessary 
to add reheat to the air passing through the coil in order 
to yield a relative humidity condition as desired. In order 
to provide this result the air must be artificially heated 
without affecting its dew point so that the condition of 
the leaving air will be moved horizontally to the right on 
the chart far enough to yield the proper relative humidity. 
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Central fan systems for heating and air-conditioning 
consist of many separate pieces of apparatus designed to 
provide any or all of the following functions: 

1. Heating. 

2. Humldificatlon. 

3. Ventilation. 

4. Distribution. 

5. Air cleaning. 

6. CooUnft by U8C of cool outdoor air whenever necessary. 

There are many variations in the physical arrangement 
of equipment used to accomplish the functions outlmed 
above and the selection of a method which will prove most 
satisfactory for a specific installation will depend upon 
local practice, and local climatic and economic factors. 

When more than one function is to be accomplished by 
a single system, particular care must be exercised in 
arranging and interlocking the equipment so as to provide 
a completely coordinated sequence of operation. The use 
of automatic temperature control provides a satisfactory 
and economical means of accomplishing this coordination. 

In the following sections the factors affecting heating, 
humidification, ventilation, and atmospheric cooling will 
be discussed separately and the application of automatic 
controls to the equipment used for these purposes will be 
analyzed. 

CONTROL OF HEAT SUPPLY 
Winter conditioning systems may be divided into two 
general t>T)es. 

1. Tempering Systems for Ventilation Only 

In systems of this type the mixture of outdoor and 
return air is delivered at space temperature for ventila- 
tion only. The actual heat losses of the space are then 
provided for by means of direct radiation. 

2. Blast Systems for Heating and Ventilating 

In this type of system the heating surface in the fan 
system is made large enough to not only temper the mix- 
ture of outdoor and return air, but also provide for the 
heat losses from the conditioned space. 

TEMPERING SYSTEMS WITH PULL-THROUGH 

FANS 



MODULATING 
DISCHARGE 
CONTROLLER 

MODULATING ^ 
STEAM 
VALVE 




///// 



O. A 





] 



Fl^re 1 

Fig. 1 illustrates a pull-through t\T)e fan system utiliz- 
ing a mixture of outdoor and return air. The mixed air 
passes through the heating coil to the fan from which it 
is discharged to the ventilated space. Since this is a 
tempering system only, it is desirable to mainUin a con- 
stant discharge temperature. 

A modulating controller in the fan discharge operates 
a modulating steam valve on the heating coil to provide 
just suffi nt steam to maintain the desired discharge 
conditions. 

A two-position type of control should not be used since 
it would cause alternate high and low discharge tempera- 
tures as the valve opened and closed. 



In choosing equipment for this application care should 
be taken to size the modulating valve correctly. Due to 
the rapidity of air movement through the heating coil, a 
discharge control system must be accurate if drastic con- 
ditions are to be avoided. If, for example, the valve used 
is twice as large as necessary, then the valve positions 
from one-half open to open would not change the tenapera- 
ture of the discharge air since by the time the valve is 
half open the heating coil will be completely filled with 
steam Likewise if the maximum necessary pick-up 
through the heating coil is 30^ and if the heating coil is 
large enough to heat the air to 60% it is evident that when 
the coil itself is operating at more than 50% of capacity 
the air discharged will be at a temperature higher than 

that desired. , , ^1 ^ n • _ 

From these facts it is possible to draw the foUowmg 

conclusions: 

1. When a valve Is sized larger than necessary, the controUer loses 

effective positions. 
2 When both valve and heating coil are Urger than necessary, 

discharge temperatures will fluctuate widely. 

It is therefore of the greatest importance that the 
question of properly sized steam valves be considered 
carefully. The required capacity of the valve should not 
necessarily be based upon the actual capacity of the 
heating coil, but rather, upon the limiting concLtions of 
•air temperature entering the coil and the discharge 
temperature desired. 

The following simple formula determines the maximum 
pounds of steam per hour that must pass through a valve 
for any given application. 

(CFM) X 1.0 X (Tb - T^,) 

Q = — 

1000 

Where: Q = lbs. of steam per hour, at 0 lbs. gauge. 

T^, = Maximum discharge air temperature desired. 
T = The minimum temperature of mixed outdoor 
and return air delivered to the coil. 

Capacity Ubles in Section Eight give the steam capacity 
in lbs. per hour for different types of valves at various 
pressure drops. From these tables it is possible to select 
the valve which will pass the proper quantity of steam as 
determined by the above formula. 

Usually the pressure drop through a valve cannot be 
absolutely determined without considerable calculation. 
However, for normal vacuum heating systems with an 
initial pressure of 2 lbs. gauge, a 1 lb. pressure drop may 
be normally assumed. For systems with a 5 lb. mitiai 
steam pressure, a 2 to 3 lb. drop may be assumed. These 
pressure drops will, of course, vary slightly due to piping 
layouts. However, for the average application they may 
be accepted as substantially correct. 

Freeze-Up Protection . 

Due to space limitations in conmiercial air-conditiomng 
it is sometimes difficult to place outdoor and return air 
duct work connections so as to provide a thorough mix- 
ture of air before delivery to the heating coil. If a condi- 
tion of stratification exists to any considerable extent, it 
may be possible for outdoor air at a temperature below 
the freezing point to pass through portions of the heating 
coil. If a throttling type valve is used on the coil, special 
precaution must be taken to prevent freezing of the steam 
condensate by this cold air. Therefore, where tlm)ttlmg 
valves are used, care should be taken to assure 
plete mixing of outdoor and return air by means 01 baffles 

or other methods. 1. u u ^ 

There are types of heating coils available which have 
distributing tubes to supply steam equally to all parts of 
the coil even under conditions of throttled steam supply. 
This type of coil surface provides another possible method 
for freeze-up protection. 
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Figure 2 

As showTi in Fig. 2 installations are often made where 
the heating coil does not extend from the top to the bot- 
tom of the duct work. When this practice is followed, the 
air may pass either through or around the heating coil, 
provided that suitable dampers are installed to cause the 
proper deflection of air flow. The advantages of this 
particular arrangement are: 

1. The modulating motorized face and by-pass dampers 
move in opposite directions at the command of a 
modulating discharge controller and thereby propor- 
tion the relative amounts of air passed through and 
around the heating coil so as to maintain a constant 
discharge temperature. 

There is no danger of freezing the heating coils 
since it will be full of steam at all times. 

It is difficult to obtain commercially manufactured 
dampers of the type illustrated in Fig. 2 which are 100% 
tight. Consequently, when the mixture of outdoor and 
return air is near the temperature desired for the dis- 
charge air, there is apt to be overheating due to the 
leakage of air through the dampers and due to eddy 
currents. In order to prevent this condition it is desirable 
to provide some means of final shutoff on the steam 
supply to the coil. 
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Figure 3 

Fig. 3 illustrates a system similar to that in Fig. 2 with 
the addition of a valve on the steam supply line to the 
coil. No face damper is used. This system can be used 
where danger of coil freezing is not present. The 
advantages of this system are: 

1. The steam valve and by-pass damper are modulated 
together at the command of a modulating discharge 
controller. As the steam valve throttles, the by-pass 
damper opens, thus reducing heat delivery. 



2. There is no danger of overheating in mild weather 
due to the fact that the steam supply is completely 
shut off when the mixed outdoor and return air 
temperatures rises to the setting of the discharge 
controller. 

This system is an improvement over that shown in 
Fig. 2 inasmuch as the possibilities of overheating are 
eliminated. 
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Figure 4 

The system illustrated in Fig. 4 is used on applications 
where there is danger of admitting sub-freezing air across 
the face of the heating coil. 

In this instance the modulating discharge controller 
positions the face and by-pass damper in order to main- 
tain a constant discharge temperature. 

The system is so arranged that the action of the face 
and by-pass damper motor will cause throttling of the 
steam valve as the face damper approaches the closed 
position. That is, at such time as the face damper is closed, 
the steam valve will also be closed and at such time as 
the face damper opens by a predetermined amount of its 
total travel, the steam valve will have modulated to the 
full open position. 

It should be noted that two-position steam valves should 
not be used in applications of this type because of the fact 
that a certain amount of leakage may result even where 
a face damper is used. This may cause rapid cycling of the 
valve on and off under extremely light load conditions. 
If a face damper is not used such cycling will be very 
pronounced. 

In the system shown in Fig. 4, the face damper is not 
always necessary when the by-pass damper is used, inas- 
much as throttling action on the steam valve is obtained 
over the final portion of the control range. 

Since the valve will be wide open at times when the 
by-pass damper around the coil is near the closed position 
indicating a severe load condition, the valve will be wide 
open when there is danger of sub-freezing air coming in 
contact with the coil. 

NOTE: In all discharge control applications it is desir- 
able to use motors on both valves and dampers which have 
relatively fast timings. Discharge controllers should in- 
clude the adjustable differential feature to permit match- 
ing to the job. 

TEMPERING SYSTEMS BLOW-THROUGH FAN 

In the blow-through type fan system the heating coil is 
placed on the discharge side of the fan instead of on the 
suction side of the fan as in the previous examples. 

This particular arrangement of equipment is usually 
found on those installations w^here both heating and ven- 
tilating is to be provided. When used to deliver constant 
temperature discharge air for purposes of ventilation only, 
considerable difficulty is encountered in the application of 
controls for this type of system. 

As has been previously pointed out, where constant 
discharge temperatures are to be maintained, it is neces- 
sary to utilize a throttling type valve on the central fan 
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heatine surface. When this type of valve is employed on 
a bfiw^through t>Te fan system, it is Possible for the a^r 
fn leave the heating surface in a stratified condition due 
to l^e fact that the^ coil itself will not be completely full 
of steam whenever the valve is in a Partially open 
position. The presence of this condition would have the 
following effect on the ventilating system: 



1. 



2. 



T»^« hpat AUDDlied to the venrilated area may be unevenly 
distrlbuUd w^^^^^^ at some outlets and cofd air at others. 

If in extremely difficult to find a satisfactory location for tne 
It ts extremei> uiuic" r<»mr>«rature9 across the 



dlJ^Sarge ducts wUl vary materially with change. In valve 
position. 



In order to overcome these effects special precaution 
should be taken to insure proper mixing of the air leaving 
the heating coil. This may be accomplished by baffles or 
by providing a sufficiently long run of duct work before 

^"?here';rf llso^^Tes of heating surface available which 
are arranged for even distribution of steam to the entire 
S surfaffeven under throttled control valve position 
This type of surface will usually eliminate any difficulty 
due to stratification. 
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Figure 5 

Figure 5 illustrates a simple blow-through temper- 
ing system. One of the outstanding advantages of the 
blow-through type system is found in the fact that the 
danger of coil freeze-up will be eliminated due to the fact 
that the outdoor and return air is thoroughly mixed in 
passing through the fan and unless the quantity of outdoor 
afr taken in if sufficient to bring the whole mixture dovm 
below the freezing point, freezing air will rarely pass 
across any portion of the coil surface. . 

As in the case of pull-through fan systems, it is neces- 
sary to exercise extreme care in selecting a valve of 
proper size if the discharge temperatures are to be 
properly maintained. 
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Figure 6 



Fig. 6 illustrates a system of automatic control utilizing 
face and by-pass dampers in front of and around the 
heating coil. No valve is used on the coil and it is kept 



full of steam at all times. This system has the following 
advantages: 

1 The relative amounts of air passed through and 
around the coil are varied at the command of the 
discharge temperature controller in order to main- 
tain temperature at a fixed point. (As previously 
discussed, it is necessary to provide an adequate 
means for thoroughly mixing the air leaving the coil). 
2. Positive protection against coil freeze-up is provided 
even under conditions where sufficient outdoor air is 
taken into the system to depress the temperature of 
the mixture to a point below freezing. 
As has been previously pointed out, there is normally 
little danger of freeze-up in a blow-through type of sys- 
tem. There is, however, the possibility of overheating 
during mild weather unless some means is provided to 
completely shut off the supply of steam to the heating 
coil during mild weather. 
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Figure 7 

The control arrangement as illustrated in Fig. 7 provides: 
1 Operation of the motorized steam valve at the com- 
mand of a modulating discharge temperature con- 
troller to proportion the steam flow according to 
heating requirements. 

2. Positive protection against overheating in mild 
weather is assured since the steam valve returns to a 
fully closed position as the mixture of outdoor and 
return air temperatures rises to the desired dis- 
charge control point. 
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Figure 8 

On those installations where it is necessary to provide 
protection against freeze-up as well as el nation of the 
possibility of overheating during mild weather, the equip- 
ment should be arranged as illustrated in Fig. 8. 
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The advantages of this type of control sequence are: 

1. Motorized face and by-pass dampers and steam valve 
are operated at the command of a modulating dis- 
charge temperature controller to maintain distribu- 
tion temperatures at the required level. 

2. The danger of freezing the heating surface is elinm- 
inated since the steam valve will always be in a 
wide open position when the mixture of outdoor 
and recirculated air is near the freezing point. 

3. Overheating during mild weather will be eliminated 
since the steam valve will go to a tight closed posi- 
tion when the mixture of outdoor and recirculated 
air approaches the desired discharge temperature. 

BLAST HEATING SYSTEMS 

The systems shown in Figs. 1 through 8 may be in- 
creased in capacity to the point where they will provide 
sufficient heat to offset external heat losses as well as for 
ventilation. 

When a system is designed to provide this extra heating 
function, it is necessary to: 

1. Select a heating coll of such size that the discharge temperature 
may be raised to a point which will allow actual heating within 
the conditioned space. 

2. Uee an additional temperature controller of the room or return 
air type as a pilot Instrument. 

In a typical blast heating system the automatic control 
sequence should provide the following functions: 

1. Should the space temperature fall below the setting of the return 
air or room thermostat, the position of the steam valve and 
dampers should be changed to provide additional heat. As the 
space temperature rises toward the control setting, the room 
or return air instrument should gradually move the steam valve 
or face damper toward its closed position to reduce the amount 
of heat supplied. 

2. Should the temperature of the space rise above the control 
setting, the return air or room-type instrument should close 
the steam valve completely or close the face damper and open 
the by-pass damper. 

3. If the discharge air temperature should drop below a predeter- 
mined minimum, the discharge air controller should open the 
steam valve and face damper sufficiently to raise the discharge 
air to its minimum temperature level. 

4. Protection against the possibility of freezing the heating surface 
should be provided. 

5. Overheating during mild weather should be eliminated. 

As described in the analysis of Figs. 1 through 8, care 
should be exercised to: 

1. Select a steam valve sufficiently large but not oversized. 

2. Provide means for insuring a thorough mixture of air (particu- 
larly in the case of blow-through type systems). 

Since the fundamentals governing the application of 
controls to the conditioner unit are the same for Blast 
Heating Systems as they are for Tempering Systems it is 
unnecessary to review this phase in detail. 

The necessity for the use of an additional controller to 
maintain room conditions does, however, give rise to 
definite problems which must be carefully analyzed: 

Thermostat Location 

It is frequently difficult to decide between a room-type 
thermostat and a return air controller for use as a pilot 
instrument on a blast heating system. 

Return air controllers are frequently chosen in prefer- 
ence to room thermostats because of reduced installation 
cost. Since the return air controller is generally located 
closer to the other control equipment, the cost of installa- 
tion is reduced and this point is often the determining 
factor in the selection. 

In general the return air control g^ives a more average 
measurement of the temperature throughout the space 
because the return air is commonly drawn from several 
different grilles throughout the system. 

There are, however, other important factors which 



should be given full consideration in making the choice. 
These factors are: 

1. Air distribution. 

2. Return air ducts passing through cold or warm spaces. 

3. Available location for room thermostat. 

Air Distribution 

Under certain conditions of distribution a room thermo- 
stat provides more satisfactory results than the return air 
control. Sluggish distribution, small air volume, stratifica- 
tion, or over capacity, may delay the ultimate response of 
the return air control sufficiently to introduce a ^'system 
lag" which would result in variations of temperature. 
These factors will also prove important in choosing a 
location for a room thermostat where used. 

Return Air Ducts Passing 
Through Cold or Warm Spaces 

If the return air duct shown should be passing through 
an area warmer than the room itself, the air temperature 
measured by the control bulb will not indicate true room 
conditions. Or, on the other hand, if the return air duct 
should be located on the outside wall of a building or in 
any cold space, the return air temperatures will be below 
space temperature. 

It is thus possible that return air will not accurately 
indicate space temperatures as they exist. Further, the 
difference between the return air temperature at the unit 
and the space temperature will vary with the seasons of 
the year depending upon the degree of warmth or coldness 
surrounding the return duct. 

Under such conditions a return air controller will not 
prove satisfactory since it will be inaccurate insofar as its 
reaction to changes within the space itself are concerned. 

Available Room Thermostat Locations 

A room-type thermostat inherently reflects changes in 
the temperature of air immediately surrounding it. It is 
therefore important that the thermostat location represent 
average conditions existing throughout the space. 

When choosing a location for a room thermostat, the 
following factors should be taken into consideration: 

1. Sun effect. 

Path of air discharged from the grille.. 
Average conditions. 
Pockets. 

Walls receiving either heating or cooling effect from an eztran- 
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Fig 9 illustrates a distribution system for two private 
offices and a general office located in the southeast comer 
of a building. 

There is one supply grille for each private office, and a 
duct running across the general office discharging toward 
the windows and also toward the north for the rest of the 
general office. The returns for each private office are back 
into the general office, and the main return is located in 
the north end of the general office to return air to the 
conditioner. 

The following factors must be considered in choosing 
the proper thermostat location: 

Sun EflFect 

Direct rays of the sun will naturally effect the tempera- 
ture of air around the thermostat. The thermostat should 
not be placed on any surface subject to the direct rays of 
the sun. 

Path of Discharged Air 

If a thermostat is in the path of discharged air, it will 
control from changes in this medium rather than room 
conditions. Particular care should be taken to prevent 
discharged air from striking the thermostat directly. 

Average Conditions 

The thermostat location should reflect average condi- 
tions in the space as nearly as possible. For this reason, 
either of the private offices sTiown in Fig. 9 would prob- 
ably prove unsatisfactory. These spaces are compara- 
tively small, and the occupancy factor is usually low. 
However, meetings might be held which would change the 
general condition in these private offices without effecting 
the remainder of the conditioned area. 

The general office is most apt to have the general aver- 
age of occupancv, lighting load, etc. For this particular 
application it would apparently be advisable to locate the 
thermostat somewhere in the general office where it would 
govern the comfort of the greatest number of people. 

In choosing an average condition, consideration should 
always be given to: 

1. Occupancy. 

2. Exposure. 

3. Proportion of the total area conditioned. 

A thermostat located at 'T" on the northerly pillar in 
the general office space should fulfill all of the require- 
ments outlined above. 

Pockets 

Thermostats should be placed where they will be in the 
flow of moving air traveling through the room at a normal 
rate. Thermostats should not be located in corners as 
there is very little air movement at such points. 

Walls with Extraneous Heat Source 

Outside w^alls will usually be at a different temperature 
than the space, due to normal heat transfer between them 
and the atmosphere. Outside walls are therefore unsatis- 
factory for thermostat locations. Inside walls are gen- 
erally satisfactory unless the location chosen is adjacent 
to steam or hot water pipes or warm air ducts. Heat 
from these pipes or ducts will affect the thermostat action. 

OUTDOOR AIR CONTROL 

Outdoor air may be used in conditioning systems for the 
following reasons: 

1. VentiUHoo. 

2. Elimination of odors. 

3. To rmlM ttstic pressure and eliminate Infiltration. 

4. Atmospheric cooling. 

Many systems must provide cooling during the winter 
months, and wherever practical, cool outdoor air should 
be used for this purpose rather than mechanical cooling. 



The control of outdoor air dampers may be made to 
provide any or all of the following functions: 

1 Closure of outdoor air damper on fan shutdown. Ihis 
is advanUgeous as it prevents unnecessary cooling 
of the building. It also reduces the possibility of 
uncomforUble drafts or freezing of mechanical 

apparatus. . ^ rpv- 

2 Manually adjusUble quantity of outdoor air. ims 
may be required to allow for variations in ventilation 

requirements. , 
3. Atmospheric cooling. Controls may be arranged to 
automatically increase the percenUge of outdoor air 
taken into the system to provide atmospheric coolmg 
when the conditioned space becomes overheated. 
4 Summer control of outdoor air. When outdoor air 
temperatures rise too high to be of any use for 
cooling purposes, only the minimum quantity needed 
for ventilation should be taken into the system. 

PULL THROUGH SYSTEMS 
Fixed Quantity of Outdoor Air 
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Figure 10 



Fig 10 illustrates a system wherein a fixed percentage 
of outdoor air is desired whenever the system is in 

operation. . ^ i. j -^.u 

A two-position damper motor is so interconnected with 
the fan motor circuit that it will open the outdoor air 
damper whenever the fan is operating and close it when- 
ever the fan is stopped. ^ i w j 
If the percentage of outdoor air is properly calculated, 
this svstem will provide protection against: 

1. Unnecessary cooling of the building. 

2. Cold drafts. 

3. Freezing equipment. 
Manually Adjustable Quantity of Outdoor Air 
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Fig. 11 illustrates an outdoor air control system which 
provides: 

1. Damper closure on fan shutdown. 

2 Manually adjusUble quantity of outdoor air. 
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Modulating damper motor Mi is so interconnected with 
the fan motor circuit that it will close the damper when- 
ever the fan stops and will open it to the position 
determined by the manual positioning switch whenever the 
fan is started. 

The manual positioning switch may be set as desired 
for any percentage of outdoor air, and may be located at 
a remote point for convenient operation. 

This type of system is often utilized for spaces with a 
variable occupancy factor so that the amount of air for 
ventilation may be changed with the requirements. 
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Figure 12 

Mixed Air Control of Outside Air Dampers 

FigTire 12 illustrates a system of outside air control 
wherein the outside air is maintained at a minimum ex- 
cept during periods when an overheating condition exists. 
At such times the outside air is controlled by a thermostat 
located in the mixture of outside and return air so as to 
provide a constant temperature entering the heating coil. 

In a system of this t>T)e, it is extremely difficult, due to 
air stratification, to find a location for the control bulb 
which will measure the average mixed temperature of out- 
door and return air. Normally, the outdoor air will follow 
one section of the duct and the return air another. Also, 
as the dampers close, the condition of stratification 
changes. It is thus practically impossible to get an 
average temperature reading through any means, due to 
the constantly changing conditions. Sometimes this can 
be done through the use of properly placed baffles. Un- 
less there is definite assurance that stratification will not 
exist and that a representative temperature measurement 
can be made, the use of this system is not recommended. 

The sequence of operation is as follows: 

1. The return air controller Tj normally controls the 
steam valve Vi to maintain the space temperature 
constant. Discharge controller T,, acting as a low limit 
control, prevents the discharge air temperature from 
falling below the desired point, and will operate to 
keep the valve Vi open sufficiently to maintain this 
temperature at the proper point. 

2. When an overheatea condition exists, the return air 
temperature will rise, and controller Tz v/iW act to 
place the controller motor Mi under the command of 
the mixture thermostat Ti. The mixture thermostat, 
providing it obtains an average measurement of tem- 
perature, will position the outside and return air 
dampers to maintain a constant temperature of air 
entering the coil. 

3. Whenever the fan shuts down, the return air damper 
motor Ml acts to position the outside air damper to 
a fully closed position. 

Outside Air Control of Dampers 

All of the functions of outdoor air control may be 
accomplished through the use of '^Economizer" type sys- 
tems. This arrangement may be used on either pull- 
through or blow-through units. 
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Figure 13 
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Fig. 13 illustrates a complete Economizer control sys- 
tem for winter control of outdoor air. Provisions have 
been made for: 

1. Closing the outdoor air damper when the fan stops. 

A manually adjustable minimum quantity of outdoor 
air when the fan is in operation. 

Use of additional outdoor air for atmospheric cooling 
when required. 
For purposes of illustration, a heating coil with face 
and by-pass damper has been shown. Any other method 
of providing heat may be used with this system. 

The sequence of operation is as follows: 

1. When the fan is inoperative, the outdoor air damper 
is automatically run to the closed position. 

2. During the pick-up period, with the fan running, the 
outdoor air damper opens to a minimum position 
which may be manually adjusted by the minimum 
position switch Si. This switch may be located at 
any remote point desired for easy adjustment. 

3. The steam valve will be modulated to provide the 
necessary amount of reheat called for by the mod- 
ulating return air controller Ta. 

4. As the return air temperature rises, the return air 
controller Tj will gradually throttle the steam valve 
and open the by-pass damper to provide less heat to 
the space. 

5. Should the return air temperature become satisfied 
and thus call for a closed steam valve, the discharge 
controller Ts will modulate the valve, and the face 
and by-pass dampers to provide just enough steam to 
maintain a minimum discharge temperature of, say, 
65°. This temperature should be sufficiently low to 
provide cooling when required. 

If, however, the mixture of minimum outdoor air as 
determined by the manual minimum position switch Si 
and return air should be at 65** or more, the modulating 
controller in the fan discharge Ti will then allow the 
steam valve to close tightly. 

6. If the return air temperature rises no further, the 
system will then operate with the outdoor air 
damper at its minimum position and with all steam 
shut off. 

7. If the internal heat in the space increases sufficiently 
to cause overheating, the outdoor air damper motor 
Ml will be operated at the command of the adjustable 
differential modulating outdoor air controller Ti. 

8. This controller is adjusted to gradually open the 
outdoor air damper on a rise in outdoor air tempera- 
tures, and to return it to the minimum position at 
whatever outdoor air will provide a discharge air 
temperature of 65**, with the minimum quantity 
being provided. 
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For example, in a system designed for a 20% quantity 
of minimum outdoor air, and with return air at 74 , the 
mixture of outdoor and return air would be at 65 when 
the outdoor air temperature reached 29^^ above zero. 
However, as the temperature rises above 29 , it is neces- 
sary to use more than a minimum amount of outside air 
if a 65** discharge is to be maintained. 

For this condition, the adjustable differential outdoor 
air controller T» would be set to have the outdoor air 
damper wide open at 65° and would gradually close it to 
the minimum open position as the outdoor air temperature 
falls from 65° to 29° above zero. 

So long as the return air temperature does not indicate 
an overheated condition, the outdoor air damper will be 
held in the minimum opening as dictated by the manual 
minimum position switch Si. 

9 If the space temperature should cool down due to the 
temperature of the discharge air provided, the return 
air controller would sense this change and Uke 
command of the outdoor air damper away from the 
outdoor air temperature controller Ti and revert it 
to the minimum position switch Si. 

Discharge Air Control of Outside Air Dampers 

Figure 14 illustrates a svstem of outside air control 
whereby additional outside air is provided whenever the 
return air controller, Ti, indicates the need for coolmg. 
With this system, the discharge air controller, T„ will 
take control of the outside air dampers, and will provide 
air at a temperature which will furnish the required cool- 
ing whenever the space overheats, as indicated by temper- 
ature controller Ti. 

This system provides for a manually adjustable mini- 
mum quantity of fresh air, whenever the fan is in opera- 
tion. 

The sequence of operation is as follows: 

1. Controller Ti normally will position steam valve Vi 
in accordance with the heat demands of the space. Con- 
troller T„ located in the discharge air, will prevent the 
discharging of too cool air. 

2. As the return-air temperature rises, controller Ti 
KiW throttle valve Vi toward the closed position. If the 
temperature in the return air continues to rise and the 
minimum position of the outside air damper is set so that 
the discharge air will not drop below the setting of con- 
troller T„ valve V, will go to the completely closed posi- 
tion, making a contact in its auxiliary switch. 

3. On a further rise in return air temperature, Ti will 
make a circuit through its auxiliary contacts, thereby ener- 
gizing the changeover relay. The changeover relay, in 
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its energized position, will place the control of outdoor 
air damper motor Mi under the control of discharge con- 
troller T:. The controller T, will then modulate the po- 
sition of the outside air dampers to maintain the dis- 
charge air at the setting of the controller T,. 

Controller T, is set for a low enough temperature to 
provide the space with the necessary cooling. 

Direct Outside Air Control Systems 

Figure 15 illustrates a system of control in which ad- 
mittance of outside air is determined by return air or 
room thermostat to provide for recirculation only during 
pickup periods, fixed minimum quantity of outside air dur- 
ing normal heating periods, and additional outside air for 
atmospheric cooling when an overheated condition exists. 

The sequence of operation is as follows: 

1. T, normally positions motorized valve Vi to main- 
tain constant space temperature. When the return aur 
temperature is low, as during a pickup period, valve Vi 
will be wide open, and controller Ti will have outside air 
damper motor M, closed to provide maximum capacity for 
picking up the temperature. 

2. As the return air temperature rises, controller Ti 
first positions outside air damper motor Mi to provide a 
minimum introduction of outside air, as determined by 
minimum position switch Si. 

3. As the return air temperature continues to rise, re- 
turn air controller modulates valve Vi to maintain the 
space temperature constant. During such periods, if valve 
Vi should close sufficiently to cause the discharge temp^- 
ature to drop below the setting of low limit control T„ 
controller T, will open the valve sufficiently to maintain 
constant temperature in the discharge, thus preventing 
cold drafts. 

4. Should the return air temperature rise above the 
normal control point, indicating that an overheated condi- 
tion exists, valve Vi will tend to close off, cutting off the 
supply of steam to the coil. At this point, outside air 
damper motor M, will be modulated toward an open posi- 
tion, introducing an additional quantity of outside air to 
accomplish the necessary cooling. 

It will be noted in this system that additional outside 
air for cooling is admitted only at times when the steam 
supply to the coil is being throttled off. Therefore, the 
system does provide an advantage in economy of opera- 
tion. This system should not be used where there is dan- 
ger of freezing up the coil. 

A system of this type is very commonly used for control 
of auditorium unit ventilators and on smaller blast heat- 
ing systems. 

See page 22 of Section Three for electrical wiring. 
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BLOW-THROUGH SYSTEMS 

The discussion so far has covered the introduction of 
outside air into systems of the draw-through fan variety. 
Due to the nature of the blow-through system, the prob- 
lems accompanying the admission of outside air are much 
more simple since the outside and return air is thoroughly 
mixed in passing through the fan. It is therefore possible 
to get a very good average reading of the temperature of 
the mixed air by locating a duct thermostat downstream 
from the fan and using this thermostat for positioning the 
outside air damper according to the principles outlined on 
the systems described previously. 
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Figure 16 

Fig. 16 illustrates outdoor air control with a blow- 
through fan system and provides: 

1. Outdoor air damper closure on fan shutdown. 

2. Constant temp, of mixed outdoor and return air. 

3. No fixed minimum amount of outdoor air. 

Modulating damper motor is so interconnected with the 
fan circuit that it will close tight whenever the fan is 
stopped. 

When the fan is running, the modulating discharge 
controller operates the motor to position the outdoor and 
return air dampers so as to give a constant discharge 
air temperature of 60** or 65**. Thus air at a temperature 
low enough to provide atmospheric cooling is always 
available if needed. 

Though no fixed minimum of outdoor air is provided, if 
the discharge controller is set for 60**, it will require 
approximately 14% of outdoor air at zero to mix with 
return air at 70** to maintain the 60** discharge air tem- 
perature. This is often a sufficient quantity of outdoor air 
for ventilation, and consequently no minimum need be 
used for those systems. 
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This system does not provide full economy, since it 
takes more than the quantity of outdoor air required for 
ventilation in all but the coldest weather. 

Fig. 17 illustrates a system similar to that shown 
in Fig. 16, excepting that provisions have been made to 
keep the outdoor air damper closed until the return air 
temperature has risen to the setting desired in the space 
being controlled. This provides additional economy of 
operation. 

It may be accomplished either by an additional mechan- 
ism within the return air thermostat or by means of a 
connection to the steam valve which will not allow the 
outdoor air damper to operate at the command of the 
discharge air controller until the steam valve has been 
throttled. 
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Figure 18 

Fig. 18 illustrates an Economizer system applied to a 
blow-through fan unit. The sequence of operation and 
effect of this application is similar to that shown for 
Fig. 14, the only difference being found in the physical 
arrangement of equipment. 
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Fig 19 illustrates a blow-through fan application for 
zone control where the mixture of outdoor and return air 
is kept at a temperature low enough to provide cooling to 
any zone when required. 

The modulating discharge controller T, operates 
the outdoor and return air ^dampers to maintain a 
discharge temperature of 60°. 

The outdoor air damper motor is arranged to close 
whenever the fan is stopped. In each zone duct a 
booster coil supplies the amount of reheat necessary 
to maintain space conditions. A modulating room 
thermostat operates a modulating valve on each 
booster coil. 

Should any zone become overheated, its booster coil 
valve will close and allow the discharge of tempered air at 
60° or 65° for cooling purposes. 

PRE HEATER FRESH AIR CONTROL 

Where it is necessary to use pre-heat coils there are 
two factors which should always be considered from the 
control standpoint. 

1. CoU Capacity. It Is desirable that the control of the pre-hcat 
coils be 80 arranged that it will always be possible to obtain 
low temperature discharge air for cooling. In some cases the 
operation of a fuU-sl^ pre heat coil may raise the mixed air 
temperature so high that cooUng cannot be obtained. 

2. Freeze-Up Protection. Control of the pre-heat coil should alway * 
be arranged so that there will be no danger of freezing these colls. 
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Fig. 20 illustrates a system using a single pre-heat coil 
controlled from outdoor air temperatures. It may be used 
for any fixed percenUge of outdoor air up to 100%, in 
which case there will be no return air connection. 

The system provides: 

1. Outdoor air damper closure on fan shutdown. 

2. Gradual opening of the pre-heat valve which would 
be wide open at 35** outside temperature. 

The modulating temperature controller T, in the out- 
door air is usually set so as to sUrt opening the modulat- 
ing pre-heat ilve V, at about 38^ and to have it wide 
open by 33* or 35\ The use of modulating control on the 
pre-heat coil eliminates sudden changes in discharge 
temperature due to its gradual action. 

If the pre-heat coil has a pick-up capacity of more than 
35% it will be impossible to obUin discharge air for cooling 
purposes when outdoor air temperatures are above 25 
or 30* above zero. This may result in overheating the 
conditioned space. 



In some instances, where less than 100% outdoor air is 
used, it may be possible to keep the pre-heat coil closed 
until temperatures of about 20° or 25° above zero have 
been reached. This sometimes serves to prevent the pos- 
sibility of discharge air temperatures too high to afford 
cooling if needed. When it is contemplated to set the pre- 
heat coil controller below the freezing point two-position 
control must be used to minimize the possibility of freez- 
ing the coil during the opening of the pre-heat valve. 
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Where a large pre-heat capacity is required, a system 
as sho^sm in Fig. 21 may be used. The system provides: 

1. Closure of the outdoor air damper motor on fan 
shutdown. 

2. Controls to open the pre-heat coil steam valve at 
predetermined temperature setting. 

For purposes of illustration, assume that the system is 
takine in 100% outdoor air and is designed for —^20 . 
Each of the pre-heat coils will have a pick-up capacity 
of 30°. The reheat valve is controlled by room conditions 
or discharge air temperature. 

The sequence of operation is as follows: 

1. Two-position damper motor M, opens the outdoor air 
damper when the fan is started and closes it when- 
ever the fan is stopped. 

2. The modulating outdoor controller T, operates the 
modulating steam valve V, to have it wide open 
above 32** above zero. With steam valve V, open, the 
temperature of air delivered to the reheat coil will be 
62"* when the entering air is 32^ 

3. When the outdoor air temperature has dropped to 5'' 
above zero, the temperature of air delivered to the 
reheat coil Nvill be 35^ At this point modulating 
temperature controller T, will start to open the pre- 
heat valve V, and will have it wide open at zero 
degrees. The temperature of the air delivered to the 
reheat coils will then be 60**. 

At 20** below zero, the temperature of air delivered 
to the reheat coil will be 40** above zero. 

It is to be noted that pre-heat coil No. 1 must 
open before pre-heat coil No. 2 to prevent the i» - 
sibility of freezing the No. 2 coil. 

It is possible to obUin air in the discharge at a 
low enough point to provide cooling if needed. 
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Figure 22 

Fig. 22 illustrates a preheat coil with face and by-pass 
dampers arranged to provide: 

1. Closing of face and by-pass dampers in the outdoor 
air duct on fan shutdown. 

2. Manually adjustable minimum percentage of outdoor 
air. 

3. A minimum temperature of mixed outdoor and return 
air. 

The sequence of operation is as follows: 

1. When the fan is started, the motor M2 on the out- 
door air damper in front of the preheat coil opens 
to a minimum position, which is manually adjusted 
to any desired minimum by positioning switch SI. 

2. Two-position temperature controller Tl in the out- 
door air opens valve VI on the preheat coil at tem- 
peratures of 35° or lower. 

3. Modulating temperature controller T2 operates 
damper motor Ml to position the outdoor air damper 
around the preheat coil and the return air damper to 
maintain a mixed air temperature of 65*. 

4. When the fan is shut down, motor M2 closes the out- 
door air face damper, and an auxiliary switch on M2 
operates motor Ml to close the outdoor air by-pass 
damper. 

As explained under "Heating Coils Control," it is diffi- 
cult to obtain a representative temperature of mixed air 
without properly baffling the duct-work. Usually strati- 
fication of pre-heated outdoor air, natural outdoor air, and 
return air will exist, thus making it difficult to measure 
true temperature. 

When using a system as described above, proper con- 
sideration should be given to the location of the control 
bulb T,. 

If this system is used, it may not be necessary to have 




2. 



re 23 



a low limit controller on the reheat coil, inasmuch as the 
mixed air temperature may be warm enough to prevent 
drafts. 

Economizer Control with Pre-Heat Coils 

A type of heating surface is available on which the 
manufacturers' recommendations permit the modulation of 
steam when exposed to sub-freezing air. When this type 
of heating surface is used, it permits a somewhat sim- 
plified method of outside air control because ordinarily 
certain control sequences become necessary on a preheat 
coil application because the steam valve must be operated 
in a positive or two-position manner. 

Fig. 23 illustrates a system of control for outside air 
dampers and preheat coil which will provide for the fol- 
lowing: 

1. Closing of outdoor air damper on fan shutdown. 

2. Manually adjustable minimum percentage of outdoor 
air. 

3. Additional outdoor air for atmospheric cooling when 
needed. 

4. Modulation of temperature of outdoor air admitted. 

It must be understood that the system described in Fig. 
23 cannot be used unless the heating surface used for the 
preheat coil is recommended by the manufacturer for 
modulating service in tempering coil applications. 

Sequence of operation is as follows: 
1. When the fan is shut down, the outside air damper is 
automatically returned to the closed position. 
When the fan is started, the outside air damper 
opens to a minimum position which is manually ad- 
justed to any desired minimum by positioning switch 
S,. This switch may be located at any remote point 
desired for easy operation. 

3. Return air controller T, modulates the steam valve 
V, to maintain a constant space temperature. Ta is 
shown as a return air controller. This may also be a 
room thermostat if desired. 

4. The discharge controller Tj acts as a low limit con- 
trol and prevents the discharge of air at a tempera- 
ture lower than the chosen control point. 

5. As the return air temperature rises, steam valve Vj 
throttles to a closed position or to the minimum de- 
termined by discharge low limit control T:. If, due 
to high internal heat gain, the space overheats, the 
return air temperature will rise further and will 
transfer the control of outside air damper motor Mi 
to controller Ti located in the mixture of outside and 
return air. The outside air damper will then be mod- 
ulated to maintain the predetermined temperature in 
the mixture (usually 60°). 

Should the outside air temperature drop low enough 
to cause the temperature of the mixed outside and 
return air to drop below the control setting of ther- 
mostat Tl, this mixed air control would modulate the 
steam valve on the tempering coil Vi so as to main- 
tain the predetermined desired temperature. (It 
should be noted that danger of stratification may 
exist in the system as shown which would allow 
thermostat Ti to measure a temperature not repre- 
sentative of the mixture. If such danger exists, ex- 
treme care should be used in properly baffling the 
outside and return air admission to provide a true 
mixture. ) 

7. As the space temperature drops, return air controller 
T, will again revert control of damper motor Mi to 
the minimum position switch Si. Under all conditions, 
of course, thermostat Ti located in the mixture will 
control temperature coil valve Vi to maintain a con- 
stant temperature in the mixture. 
This system uses only a minimum quantity of outside 
air excepting at such times as additional outside air is 
needed for cooling purposes. In this way a maximum of 
economy is realized as unnecessary heating of outside air 
is eliminated. 
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Fig. 24 illustrates another economizer control system m 
which a pre-heat coil with face and by-pass dampers is 
utilized. This system is similar to Fig. 14 except a pre- 
heat coil is used. 

One difference in operating sequence between this and 
the previous system is found in the fact that mixed air 
temperatures are maintained by repositioning the pre- 
heater face and by-pass dampers rather than through 
modulation of the outside air damper. 

WINTER HUMIDIFICATION 

The following types of equipment are in general use 
for humidification: 

1. Water spray humidifier. 

2. Pan type humidifier. 

3. Steam Jet humidifier. 

4. Air waaher system. 

Pan type humidifiers are somewhat limited in capacity 
and generally are used only where moisture requirements 
are low. 

Steam jet humidifiers are used more commonly for 
industrial applications, and when used for comfort condi- 
tions, care must be taken to prevent objectionable odors 
from the liberation of boiler compound. 

Water spray humidifiers are probably the most gener- 
ally used for comfort conditioning work. 

Where there is considerable humidification load, air 
washers may be used because of their greater capacity. 

The water used in the washer or spray must be warm 
enough to vaporize and pass into the air stream. 

The two common methods of heating the washer or 
■pray water are: 

1. The use of a temperlnt coU bWore the washer. 

3. The heat wrh^^^j— ' to heat the watar hafore entering the washer. 
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Figure 25 
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Fig. 25 illustrates a typical control application for a 
pan type humidifier. Either a two-position or modulating 
humidity controller Ha operates a modulatmg or two- 
position steam valve V, on the steam line to the huniidi- 
fier. As the humidity falls, the steana valve is opened to 
vaporize water and thus provide humidity. 
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FiK. 26 illustrates a typical application for a steam jet 
humidifier. A modulating humidity controller Hi operates 
a modulating steam valve Vi to control the steam flow for 

humidification. , , * ^ • 

The valve is so interconnected with the fan motor circuit 
that it will be tight closed when the fan is stopped to 
prevent excessive moisture conditions. 
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Figure 27 
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Fig. 27 illustrates an application for humidification 
"'TfeU^posi'tforhumidity controller H. operates a two- 

P'TTSi'^a'tJJ^Uvti'. ^' interconnected with the fan motor 
that it will close tightly whenever the fan is stopoed to 
prtventX possibility of excessive moisture conSitions 

in the ductwork. 
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Figure 28 

Fig. 28 illustrates a typical application utilizing an air 
washer for winter humidification, with dew point control. 

The modulating controller Ti located in the washer 
water near the suction line intake operates the modulating 
steam valve Vi on the tempering coil. 

The controller T, is set to maintain a washer water 
temperature which will provide a substantially constant 
dew point in the discharge air. 

It is desirable to use a temperature controller to limit 
the washer water temperature when a humidity controller 
is used to control the tempering coil. The washer water 
temperature is held within fixed limits, thus preventing 
the possibility of excessive moisture delivery for short 
periods or freezing of the washer water when the humid- 
ity control is satisfied. 



< 



MODULATING 
RELATIVE HUMIDITY 
CONTROLLER 



O A. 





MODULATING 
STEAM VALVE 



MODULATING 
CONTROLLER 
I IN WASHER WATER 



Figure 29 

Fig. 29 illustrates a washer system similar to that 
shown in Fig. 28, excepting that a humidity controller has 
been added to maintain even closer limits on relative hu- 
midity conditions in the space. 

As in Fig. 28 the niodulating controller Ti operates the 
modulating valve Vi on the tempering coil. 

The relative humidity controller is of the compensating 
type and is so interconnected with the water temperature 
controller Ti that it may reset the control point of Ti 
between any desired limits such as from 50** to 55"*. 

As the relative humidity of the space falls, H, raises 
the control point of Ti to add more moisture to the air 
and vice versa. 



Sometimes water heaters are used in place of a temper- 
ing coil to provide the necessary heat for humidification. 
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Figure 30 

Fig. 30 shows a typical application using a water heater 
with control sequences identical to Fig. 29. 

Relative Humidity Control Location 

Normally a relative humidity of approximately 35% is 
desirable during the heating season. Under some condi- 
tions this may cause frosting of the windows. Where this 
is objectionable, a system of control may be provided 
whereby the relative humidity is varied dependent on out- 
door temperatures. Thus the humidity will never be high 
enough to cause frosting. 



MCLATIVt MUMOmU 
AT VAMIOua OUTOOO* TCU»CftATUKC5 



TO 



eo 



X 40 

u 

> 

d 



10 



TO 



•O 



50 



40 



20 



10 



-10 



•20 -JO 



-40 



OUTSIDE DPr BULB 

Figure 31 

Fig. 31 illustrates graphically the maximum relative 
humidity that may be carried without frosting for both 
single and double paned windows. The curves are based 
on inside temperatures of 70° and a wind velocity of 15 
miles per hour. These curves are subject to slight correc- 
tions for different types of construction, but serve to 
illustrate that the relative humidity maintained within a 
space should be definitely lowered in colder weather if 
frosting is to be prevented. 

While these values of relative humidity may prevent 
window condensation, they may not prevent condensation 
on doors or within the walls. 
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The control systems illustrated in Figs. 25 through 30 
have made use of either a return air or a room type hu- 
midity controller. 

Where automatic compensation for changmg outside 
temperatures and a reduction in inside humidity to prevent 
frosting on windows is desired, it is recommended that the 
room type humidity control be used. 

In order to obtain such automatic reduction in relative 
humidities for purposes of prevention of "ostmg, it is 
recommended that the humidity contro be mounted rnime- 
diately below the window sill or mounted on the side ot a 
window recess adjacent to the glass surface. 

In choosing a window for such mounting, it if, recom- 
mended that a window on the north side of the building be 
STosen or on whatever side is subject to the severest cold 
and wind effect. 

As the surface of the glass begins to drop m tempera- 
ture the relative humidity of the air adjacent to the glass 
S the relative humidity of the air which drops io^ 
across the face of the glass increases. The effect of this 
rncrease is immediately sensed by the humidity controller 
Sen so mounted and it will maintain the relative humid- 
ity at a point sufficiently low to prevent condensation and 

frosting. , 

Thus, under warmer weather conditions, the desired 
relative humidity will be maintamed in the space and the 
humidity level will gradually drop as the outside tem- 
perature drops, thus preventmg frosting. 
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Figure 32 

Fie. 32 illustrates the application of compensated rela- 
tive humidity control to washer systems usmg either a 
tempering coil or water heater. 

The outdoor temperature controller T, compensates the 
setting of the washer water controller Ti to vary the 
temperature of the washer water with outdoor air tem- 
perature. As the outdoor air temperature rises, the control 
point of T, is raised to provide more moisture to the space, 
and vice versa. 

The control stops the washer sprays at some low out- 
door temperature as it is impossible to maintain them in 
operation without raising the relative humidity above the 
frosting point. 

The system shown in Fig. 32 can be further ^mplified 
by the inclusion of a room type humidity control. Where 
the room type humidity control is used, the compensated 
dew point control is set up to provide a high limit on dew 
point of the discharge air. The humidity control will then 
have the ability to change the dew point to mainUm a 
consUnt relative humidity in the space only up to the 
point .here a decreased dew point is esUblished by the 
outdoor air controller in order to prevent moisture con- 
densation. 



AN HEATING SYSTEMS 

DISTRIBUTION AND ZONE CONTROL 

The distribution of air in a conditioning system plays 
an extremely important part in the results obtained. If 
an installation is to give complete satisfaction, the various 
parts of the space must be supplied with air in proportion 
to the existing load. 

The load will vary with the following factors: 

1. OccupAocy. 
3. Ezpoture. 

3. Internal loa<U •uch m llghu. mechanical cMiuipment, ttoTea, ate. 

Thus a room or space with northern exposure will 
require more heat than a similar space facing south. 

Likewise, a general office space where occupants are 
physically inactive will require more heat than a factory 
space where heavy physical labor is accomplished. 

These conditions of varying load, providing the fluctua- 
tions are not too wide, may usually be satisfactorily 
handled by proper design of the ductwork and outlet 
grilles. 

When conditions vary widely, it is usually necessary to 
use zone control in some form so that the amount of 
heating or cooling for each space may vary with 
individual requirements. 



Zoning for Central Fan Systems 

There are three methods for controlling 
delivery from a central fan system. 



the heat 



1. 

2. 
3. 



Conttant air Toluma daUwad at varying temperature. 
Varying air Tolume deUvered at a fixed discharge temperature 
A combination varying both volume and temperature. 
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Figure 33 



A consUnt volume system has the following advanUges 



1. A meani oi cooUng. if naedad. during the winter 

2. A constant volume oi air with fuU ventlUtlon. 
I. A eooacaot griUe velocity providing even dittribuHon 



•on. 
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Fig. 33 illustrates a two-zone system arranged for 
constant air volunie and varying discharge temperature. 

A modulating controller in the fan discharge operates 
a modulating steam valve on the tempering coil to main- 
tain a 65"* discharge air temperature. 

Room thermostats in each of the zones operate modulat- 
ing steam valves on booster heater coils in accordance 
with heat demands in the zones. 

When the zone temperature rises above normal, the 
booster coil valve is closed, and 65"* air is delivered for 
cooling purposes. 

Varying Volume Systems 

Fig. 34 illustrates another type of constant volume 
varyiiig temperature control. 

This system makes use of one tempering coil and one 
reheat coil for all zones with the ductwork so arranged 
as to take the necessary proportions of tempered and 
heated air for each zone individually. 

The modulating discharge controller Ti in the fan outlet 
maintains a discharge temperature of, say, 65* by opera- 
tion of the modulating valve Vi on the tempering coil. 
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Figure 34 



The modulating controller T2 located beyond the booster 
coil in the hot air duct operates the steam valve V, to 
maintain a hot air duct temperature of, say, 100**. 

Dampers are placed to control the proportions of hot 
and tempered air supplied to each zone duct as shown for 
Zone No. 2. A modulating room thermostat operates a 
niodulating motor to vary the amount of hot and tempered 
air supplied to each zone. 

Should the space tend to overheat, only tempered air 
will be supplied to the zone to provide cooling. 

While this system has been shown applied to a fan 
system utilizing heating coils, a similar arrangement is 
common when warm air furnaces are used. Dampers and 
ductwork are so arranged that the warm air from the 
bonnet may be mixed in varying proportions with tem- 
pered air by-passed around the furnace so as to provide 
identical results as shown in Fig. 34. 

Though systems providing a varying volume of constant 
temperature air similar to those shown in Fig. 35 are 
sometimes used, it is difficult to control them unless very 
good air distribution is obtained. 

A controller in the fan discharge operates a modulating 
steam valve and by-pass damper to maintain constant 
discharge temperatures. The discharge controller must be 
set high enough to provide for the maximum heat loss. 

In each of the zones a room thermostat operates a 
modulating damper motor to vary the volume of air 
delivered in accordance with heat loss requirements. 



A static pressure regulator operates a damper at the 
fan inlet to maintain a constant discharge duct pressure 
so that the same volume of air will always be discharged 
for any given position of a zone volume damper, and so 
that noise resulting from high pressure will not be 
encountered. 
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Figure 35 

There are certain inherent disadvantages in a system of 
this sort. 



1. 



2. 



Since the discharge air temperature is fixed, it is not 
possible to provide cooling if it should be required. 

In mild weather, as the heating load becomes less, 
volume of air delivered is progressively reduced to 
balance heat losses. This has the effect of impairing 
the ventilation. 
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1. 

2. 
3. 



If a varvine volume system is used its operation may 

tion. . ^ 

The room thermostats control their respective 

volume dampers as in Fig. 35. 

The static pressure regulator operates as in Fig. 35. 
ThP return air controller is so adjusted that it will 
Itt'mpt to maintain a return air temperature equa 
fo the average return air temperature when all 
lor.es are at their desired condition. It does this by 
JSottHig the modulating steam, valve and by-pass 
damper to reduce the discharge air temperature. 
4 The modulating controllers in the discharge fan act 

Is a C Hmit to prevent the ^-^^'^^l^fj,'^^^^^^^^ 
say, 65°, should the return air controller become 

completely satisfied. 

Assume that the system is started with both zones 

below temperature. 

1 The volume dampers will be wide open and the 
maxiiJium temperature of discharge air will be 
delivered. 

2 As the zones rise in temperature, their respective 
voluine dampers mil throttle at the command of the 
room thermostat. 

Due to the rise in zone temperature the return air ^vjll 
also rise causing the steam valve to throttle to reduce the 
maximum discharge air temperature. ^ . , 

Thus the heat delivery to the space^s reduced not o^^^^^ 
hv reducing the vo ume of air supplied, but also t»y reouc 
ing the temperature of air supplied. Consequently it will 
not be necessary to reduce the air volume quite as far as 
would be the case for a system as shown m Fig. 35. 

Note- Some volume control systems regulate each outlet 
indiViraUy by means of a separate control damper A 
new tNTie of volume control damper, available for this 
tJpe 'o? installation, .Provides constant air velocity 
through the outlet gr.lT from 25% to 100% capacit> 
These dampers are knoxv-n as Vol-U-Trol <lajnpers ana 

are described on page 44 of Section P^^.^^^/jbu- 
their constant velocity characteristics the air distribu 



tion will not suffer as Vol-U-Trol dampers throttle the 
air supply. 

A zone system is sometimes designed so that each side 
of the buuJing is zoned separately. In this way, for m- 
tlJ^^lXe nofth, south east and west zones are co^^^^^^^^ 
separately so as to take advantage of the dittering ex 
posure factors. 

Tf in this svstem. the separate zones are made up of a 
serfes of offices aK^g each outside wall, it will be noted 
St the corner office! are subject to the exposure factors 
common to two different zones. The northwest comer of 
ficTTu is included in the north zone, may be overheated 
when the sun effect is greatest during the afternoon, or 
The southelst office, if it is included in the southern zone, 
may Se unJerheated after the middle of the day, and so on. 

One way in which this condition X^^T zones 

supply air to a comer office from each of the two zones 
adiacent to that office in proportions equal to the expos- 
uri? of that office. A corner office that has equal exposures 
on the south and west sides of the building would have 
^quaFquSntities of air delivered to it h^^^^J^.^fg 
west zones. In this way a fairly equitable balance is 
Reached allox^ing the room to be maintained at better 
average conditions. 

In a nronerlv designed air-conditioning system each 
au ^mati^ cSn?rol 'iSif performs a definite funct-n^^K 
thA nrincinles of contTO application are thoroughly under 
s^ooSreadl section of a control system may be easily 
evaluated in terms of: 

1. Increased comfort to the user of the system. 

2. SeU-Uquldatinft economies. 

J. Realization of the full value of the system. 

Without a carefully designed control system many of 
these values will not be completely realized and the 
return on the oxvners' investment correspondingly reduced. 

Research and experience have definitely indicated those 
control sequences which will produce the most complete 
and satisfactory results from any given arrangement of 
mechanical equipment. 

In the following section various control sequences are 
anilyzSd 4ith dirfct reference to their applica^on in on 
iiinction with equ pment used in central lan cooiing 
svstems While the discussion refers directly to central 
?in air-condrtioning systems, the principles developed are 
equally applicable to unit type air-conditioners. 



Co/dAoL CtnJbud. Jan, Cooim, S^JdamA, 



The summer air-conditioning system must control the 
temperature and moisture content of the air as well as 
provide ventilation, circulation, and cleaning. 

The first types of system to be considered are those 
wherlin moisture removal, or dehumidification. is accom- 
plished incidental to the cooling of air. 

In mo.st air-conditioning systems air is cooled to a tem- 
perature below the dew point of air in the space being 
?onditione.l and under these circumsUnces the a.r-condi- 
tioninR plant is said to have a capacity for absorbing 
litent heat or moisture. The extent of this capacity for 
dehlmi.lification will depend upon the type of refngerant 
utilized and the cooling surface < r which the air passes. 

From the sUndpoint of boat exchange surface used 
central fan cooling systei, fall generally into these 
claBBiftcations: 

1 Syttem. proTidlnd coollnft throuj-h the um of flnned coll., cold 
w«t»r. or brine being u»ed at a refrlaemnt. 



water temperature used. 

A further classification of cooling systems may be made 
with reference to the arrangement of the plenum chamber. 
Most of the systems illustrated in this section are shown 
with the fan drawing air through a conditioning chan-^ 
and discharging it to the duct system Actuall> this 
arraneement is frequently reversed so that the fan will 
fo"ce th? mixture of return and outside a.r through the 
cooling surface and thence to the duct system. 

The plenum chamber or conditioning unit generally 
takes one of the following forms: 
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Figure 1 

Single Pass System. 

In such a system all of the conditioned air will 
through the cooling coil or washer. (Fig. 1.) 
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Figure 2 

Face and By-Pass System. 

On systems of this type dampers are usually placed 
across the surface of the cooling coil or washer chamber, 
and a by-pass duct with damper permits part of the air to 
pass completely around the cooling coil or washer. These 
clampers are generally operated together so that as one 
closes the other opens. On this type of system all of the 
air does not pass through the coil since some of it is by- 
passed and the air that is by-passed may be a mixture of 
outside and return air. (See Fig. 2.) 
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Return Air By-Pass. 

This type of system is similar to the one just described. 
Instead of the by-pass handling a mixture of outside and 
return air, the b^-passed air comes directly from the 
return air duct and dampers are installed at that point. 
The air that is by-passed and mixed with conditioned air 
is return air from the rooms being served. (See Fig. 3.) 
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Figure 4 

Outside Air By-Pass. 

This type of arrangement is occasionally used and again 
is similar to those just described with the exception that 
the air by-passed comes from the outside air duct. (See 
Fig. 4.) 

The design of both the cooling surface and the plenum 
or conditioner chamber will depend largely upon condi- 
tions of load peculiar to individual installations. Controls 
may be applied to any combination of cooling surface and 
plenum design. 

CONTROL OF SYSTEMS USING COLD WATER 

COOLING COILS 

Cold water when used as the refrigerant in an air- 
conditioning system may be obtained from any of the 
following sources: 

Deep Wells 

In some localities low temperature water is available 
from wells and this may be used as a low cost refrigerant. 
Pumps are used to provide the required circulation. Gen- 
erally some type of storage is provided so that the water 
can be circulated through the coils intermittently as 
required. 

Water Coolers 

Where low temperature well water is not available, 
mechanical refrigeration is used to reduce the tempera- 
ture of water circulated through indirect coolers. Gen- 
erally this type of system is set up as a closed circuit and 
water leaving the conditioner coil is returned to the 
indirect cooler for further refrigeration. This prevents 
the wasting of partially cooled water and increases the 
economies of operation. 

In this type of system automatic control is generally 
applied to: 

1. Pump which provides circulation of the water. 

2. A motorized vaWe which controls the flow of water to the coil. 

In either case the mechanical compressor used in the 
refrigerating cycle is controlled from a thermostat set to 
maintain a constant temperature of the water leaving the 
cooler. 

Indirect Ice Systems 

Where a system of this type is used, water returning 
from the coils is sprayed over the ice which is located in 
bunkers. The chilled water is then circulated through the 
coils by means of a pump. 

The thermodynamics of air cooling and the factors 
which affect the cooling of air and removal of moisture 
from it have already been discussed on page 8. It has 
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been determined that the temperature of the coil surface 

Xch lr« b.yond ih. limitations «f the eoolmg •qmPy*"' 
r, d.t.rmi„^ by coll sorfaco temperature, volume of air 

handled, etc. 

Ac an examole refer to the drawing on page 14 which 

MC/a«.t"u„if^'r 

Slfsr.Sa'«.r«^^^^ 
by a ?oil the surface temperature of which IS 53 as shown 

at "B", with air discharged at 58 as at O , Dy. 

1. Dlwharftlnft a fti^en quantity of air at condition "C" of 58» dry 

bulb, or „„ J IK 

2. Dlscharftlnc twice as much air at 69° dry bulb. 

TTnapr either circumstance the design conditions can be 
However if thHI" air is at a condition falhng above 

Sg S not be sufficient and the relative humidity will 
rise. 

It can therefore be understood that the higher the^^^^^^^^ 
temnerature becomes, the more difficult it is to maintain 
thT desired relative humidity even though it may be 
entirely possible to maintain the proper dry bulb tern- 
perature level. 

In this example a relative humidity of 40% and 80° dry 
bulb coulHot be obtained regardless of . controller de- 
mands because of the actual limit of conditiomng capacity 
as determined by the coil surface temperature. 

It is therefore obvious that the capacity of a system 
for removing latent heat in relation to sensible heat is 
something inherent in the system and determined by the 
coil temperature available. It is impossible for the control 
system to alter an inherent characteristic of this type. 
When systems are carefully analyzed to determine their 
inherent limitations, it is possible to intelligently select 
a system of control which will insure the best possible 
results from the equipment in question. 
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Figure 5 

Fig. 5 illustrates a very common control system for 
cold water cooling coil installations. A return air ther- 
mostat controls the position of the motorized valve 
admitting cold water to the coil. (A room thermostat 
may be used in place of a return air controller.) 



A system of this type is frequently installed in such a 
manner that the valve will operate with a modulating or 
throttling effect. During periods of light sensible heat 
iS the^valve will be throttled to prevent too much coo - 
Te Actually, under the light sensible load conditions it is 
probable that pe^centage^^ise the latent heat will be very 
hieh In other words, the S/L ratio becomes small. This 
wUl generally result in a high relative humidity since coil 
Temperatures will rise as the volume of water delivered 
to the coil is reduced. 

I Whprc a control system similar to that illustrated 

1. Where a f"""."' ^^J^ , employ two-position valve operarton. 

wfth thii a?rlnil?ment the v*^!^^^^ wUI be either open or do^d 
^nd maifrnTm dXmidificatlon will be enjoyed whenever the 

coil is operative. 

It is frequently possible to control the operation of a 
pump directly without the use of * "notorized vaWe.jnu^ 
is particularly true on systems of the indirect type where 
a supply of cold water is available at all times. 
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Figure 6 

Fie 6 illustrates a system of control for cold water 
cooling which overcomes some of the di^d^antf^^ X 
cussed in the previous example. In this systeni the 
thermostat modulates the position of the valve in the cold 
water line thereby causing a variation in coil temperature 
to give uniform delivery temperatures. 

However, in the event that the relative humidity 
becomes too high, the humidity control J^^fe ^he 
thermostat to operate the valve in a two-position manner. 

I. Therefore, when the latent load U hlfth. «he coll I. 0PJ«««jUjJ 
Its lowest possible surface temperature with the reeult tMt 
maximum debumidiflcatlon U obtained. 
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Figure 7 

FiK 7 illustrates a face and by pass system using cold 
water cooling coils. When the conditioning equipment is 
arranged in this manner, it is possible to regulate the 
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temperature of the delivered air without sacrificing the 
dehumidifying effect of low coil temperatures. The coil is 
maintained at its minimum temperature level at all times 
and a throttling effect is gained by varying the propor- 
tions of air passing through and around it. 

1. Under U^ht sensible load conditions slightly lower coil tempera- 
tures may result with this type of system because there will be 
less load on the coil due to the smaller volume of air passiny^ 
through it and therefore a lesser temperature rise in the water 
will take place. 

The sequence of operation provides that a thermostat 
in the return air shall modulate a control motor which 
determines the relative positions of the face and by-pass 
dampers. These dampers work oppositely, the face damper 
closing as the by-pass damper opens. It is also possible 
to make a further provision in this system by which a 
valve controlling the supply of water to the coil can be 
closed when the face damper reaches its fully closed 
position, thus conserving water supply. 

While a face and by-pass damper arrangement has been 
shown here, it is also possible to use either a return air 
by-pass or an outside air by-pass to obtain this same 
result and the control sequence used would be similar to 
the one shown here. 
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Figure 9 

The temperature rise of the water through the coil can 
be controlled and a considerable saving effected by the use 
of a differential temperature controller to limit the quan- 
tity of water flowing through the coil. Such an arrange- 
ment is shown in Fig. 9. The differential temperature 
controller can be set up, for instance, to maintain a 
constant difference of temperature between supply and 
discharge of, say, 10''. If the thermostat calls for the 
valve to open, the valve will then be controlled by the 
differential temperature controller in order to maintain 
this temperature rise. Thus, under light load conditions 
the valve will be throttled off and less water will be used 
without sacrificing a great deal in the way of cooling 
capacity. Likewise, when sudden changes of load occur, 
such as on a pick-up period, the flow of water to the coil 
will be throttled so as to prevent unnecessary wasting of 
water. The motorized valve in this case becomes a modu- 
lating valve and the differential temperature control is 
of the modulating type. The thermostat operates in a 
two-position manner so that the valve is either closed or 
is being controlled by the differential temperature con- 
troller to admit the proper amount of water to the coil. 



The system shown in Fig. 7 may be arranged to provide 
further economies by varying the coil temperature and 
permitting it to rise when no dehumidification is required. 
Fig. 8 illustrates a system wherein the thermostat posi- 
tions the face and by-pass dampers and throttles the 
water valve. A relative humidity control causes the 
motorized valve on the coil to assume a wide open position 
when the humidity is high. 

1. A system of this type may be used with benefldal effect where 
water rates are Yii^ and where the installation of the additional 
contxola involved is warranted on the basis of economies effected. 

Control of Water Through Cooling Coil 

On large installations, particularly where water rates 
are high and where the water from the coils is being 
wasted rather than recirculated through a water cooler, 
it is obvious that the temperature rise through the coils 
is going to vary considerably depending upon the load on 
the coils. Particularly, during an original pick-up period 
or when rapid changes of load occur, the thermostat will 
have the valve in a wide open position and the water may 
be passing through the coils with very low temperature 
rise. This means that a considerable quantity of water is 
being wasted where a higher temperature rise could be 
allowed. 



CONTROL OF DIRECT EXPANSION COOLING 

SYSTEMS 

The problem in the case of the direct expansion cooling 
system again becomes that of balancing the control of 
latent heat removal against the control of sensible heat 
removal. The direct expansion system provides many 
possibilities not found with the cold water cooling just 
discussed and a clear understanding of the principles 
involved makes it possible to choose controls that will take 
full advantage of the inherent features of the system. 

It has been shown that low coil temperatures produce 
maximum dehumidification. If this is so, why not design 
a system to operate at the lowest possible coil tempera- 
ture at all times? Why attempt to control the dehujnid- 
ifying effect? 

The answer is found in the economy of operation. 

1. It is costly to run a system that is designed to operate on a low 
coil temperature. In the mechanical refrif^eration system the 
number of BTU's of heat removed per H.P. of input decreases 
very sharply as the suction pressure drops. The operating 
efficiency becomes less at low suction pressures and low coil 
temperatures. (See Fi^. 10). 

2. It Is costly because the removal of latent heat in excess of 
requirements is uneconomical and produces no added comfort 
benefits. 
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The followng is a typical chart showing variations m 
Cooling Effect Per Horsepower Input of a refrigeration 
system under different conditions of suction pressure. 
This chart is plotted for F12, but similar comparisons 
may be made for other refrigerants and c o m p r e s s o r 
capacities. 
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Figure 10 

Referring to the chart it can be seen that definite 
control over coil temperatures should be maintained to 
prevent costly waste of power and at the same time insure 
adequate dehumidification when necessary. 

Fortunately, there are certain basic characteristics of a 
refrigerating system that permit us to do this rather 
easily. 

The coll temperature bear* a direct reUtlon to the suction 
pressure. 

The suction pressure is determined by the «^«lf /^J^ 
on the low side (the coil) as balanced against the capacity of the 
hi^ side (refrigerating machine). 



1 



2. 



A decrease in the volume of air flowing over the coil decr< 
the load on the coil and therefore causes the suction prf»sure to 
drop, gMng a lower coll temperature. Conversely, an Increase 
In the air volume over the coil gives a higher coll temperature. 

A decreaae In the total amount of coll area on the system causes 
a decreaae In load and a drop In suction preMure resulting in 
lower coll temperature. An Increaee In the total amount of coll 
surface results in a higher coil temperature This principle Is 
utilized In the Modutron System. 

A decreaae In the capacity of the refrigerating machine results In 
an Increase In suction pressure and a higher coll temperature. An 
Increase In machine capacity results In a lower coU temperature. 



Some of the most common ways of effecting changes in 
suction pressure and thereby regulating the dehumidifying 
capacity of a direct expansion system are: 



Variable Coil Area Control 

Perhaps the most satisfactory means of capacity re- 
duction is obtained with the ';Modutron" control system. 
The Modutron provides for the variation of liquid flow 
to the direct expansion coil and in effect changes the 
superheat at the outlet of the coil in response to changes 
in room conditions. This means that the effective coil area 
is cut down as the cooling requirements drop off, resu tmg 
in a desirable reduction in coil temperature under light 
load which in turn produces better relative humidity 
conditions. 

Two-Speed Compressors 

Operating suction pressure can be changed by switching 
a compressor from one speed to the other. 
Multiple Compressor Installations 

Aeain the capacity, and hence the suction pressure, can 
be changed by controlling the number of units operating 
at a given time. 
Compressor By-Pass Valves 

Frequently a refrigerating machine may be equipped 
with by-pass valve or clearance pocket control that will 
provide a means of automatically reducing the capacity of 
the machine. 

Variable Speed Compressors 

Compressors with an electric drive of the variable speed 
type or compressors driven by gas engines generally 
provide a means of changing the speed, and hence the 
capacity of the machine, with modulating action. 
Double Coil or Multiple Coil Systems 

In such insUllations the direct expansion coil which is 
located in the duct is made in two sections independently 
controlled so that either one section or both can be made 
effective. It is obvious that if we operate on o^^V ^"f 7*^^^ 
of the coil the load on the machine in terms of BiU/min. 
will be materially less than the load where the entire coU 
surface is used. This means that lower suction pressures 
will prevail when operating on half coil area. 

Variable Air Volume 

An installation which through the adjustment of 
dampers provides a means of changing the volume of air 
passing over the coil does to some extent change the load 
on the coil and therefore the coil temperature. This prin- 
ciple is involved in by-pass systems. 
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FiK 11 illustrates a simple type of direct expansion 
cooling installation utilizing a single pass system with a 
single coil section. The flow of refrigerant to the coil is 
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controlled by a solenoid valve. The solenoid is opened and 
closed upon demand of a thermostat. 

With this type of system the suction pressure is allowed 
to assume any value determined by the load at a given 
instant. It can be seen that coil temperatures will auto- 
matically assume a higher value as load conditions rise. 
The only variation in instantaneous load on this type of 
system is that which comes from a reduction in the 
entering wet bulb value. 

Although the control sequence as illustrated shows the 
solenoid valve alone under thermostatic control, it is com- 
mon practice to de-energize the compressor circuit simul- 
taneously. If this is not provided for, the compressor is 
operated by a combination high pressure cutout and suc- 
tion pressure controller. The low pressure control is 
generally set to cut out at a point which will prevent frost 
from forming on the coil, and to cut in at a much higher 
point. 




VALVE 



Figure 12 

Fig. 12 illustrates a face and by-pass damper installa- 
tion wherein the temperatures are maintained by position- 
ing dampers to regulate the amou-nt of air flow through 
the coil. This system provides for gradually changing the 
temperature of the air discharged and is therefore a con- 
siderable improvement over the simple system shown 
previously. Discharge air temperatures will remain con- 
stant at the proper point for meeting the load require- 
nients whereas the "on-off" system results in alternate 
discharge of first cold and then warm air. 

It is also true that under light sensible load conditions, 
the load on the coil will be reduced causing a reduction in 
coil temperature and therefore the system should permit 
lower relative humidities than the simple single coil sys- 
tem. The minimum coil temperature will be limited by 
the point at which frost will form on the coil and there- 
fore it is necessary to cut off the coil on the refrigerating 
machine as the face damper approaches the closed posi- 
tion. This is frequently done by the use of an auxiliary 
switch associated with the motor which will act to close 
a solenoid valve. A suction pressure control on the re- 
frigerating machine will cut off the compressor when the 
valve closes. This control is set so as to stop the ma- 
ch ine whenever the suction pressure reaches a point which 
would be indicative of a frosting coil. It should be noted 
that the reduction in air volume on the coil also tends to 
limit the point at which frost will form on the coil. 

1. With this arrangement of equipment, substantially 
constant temperatures are maintained in the discharge 
from the system and the noticeable ups and downs of "on- 
oflf" control are eliminated. It is also true that this sys- 



tem provides for more latent cooling under light sensible 
load conditions by reason of the slight reduction in coil 
temperature that takes place due to the restricted air 
volume. 



Two Speed Compressor Control 

Fig. 13 illustrates control of a system wherein it is 
possible to change the capacity of the high side of the 
refrigerating circuit. This provides a very flexible system 
wherein both temperature and humidity may be individ- 
ually regulated up to the point where artificial reheat 
becomes necessary. 

Since varying the capacity of the refrigeration equip- 
ment provides a means of changing the coil temperature, 
the S/L ratio may be changed to meet varying conditions. 

A two-stage thermostat is arranged to energize the 
compressor starter on an initial rise in temperature. A 
high and low pressure limit control is also included in this 
circuit. If the humidity is high at the moment of starting, 
the humidity control will establish a second circuit to 
energize a speed changing relay which will cause the 
machine to operate on high speed, thus providing a lower 
coil temperature. 

The machine will operate at one-half speed under low 
latent heat load conditions and will be transferred to high 
speed only when the relative humidity exceeds a predeter- 
mined maximum. 
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It is to be expected that the refrigerating equipment 
will not be sized to handle the maximum or design sensible 
load conditions when operating on low speed. It is there- 
fore necessary to operate the compressor at full capacity 
whenever dry bulb temperatures cannot be maintained. 
This function is accomplished by the control action of the 
second stage of the thermostat. 

The same arrangement of control equipment may be 
employed where two separate compressors are installed 
with liquid and suction lines connected in parallel. 
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An identical control sequence may be installed to 
retrulate the operation of compressors equipped with 
by-pass valves or other similar means of machine capacity 

'^^uSn'^providing independent control ?f ^o^^. ^^/^P^l^" 
ture and humidity within the available limits, this 
system accomplishes definite economies. Compressor 
efficiencies are increased when latent load conditions 
are light and at no time is the period or capacity of 
the heavy equipment operation increased to an un- 
necessary point. 
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Fie 14 illustrates a system wherein the coil is normally 
operating continuously knd the delivered air temperature 
is determined by the position of face and by-pass dampers. 
Means are provided to shut off the machine completely 
when the face damper reaches a closed position. 

When the refrigerating equipment is o 
capacity will be determined by relative humidity condi- 
tions. This system therefore combines the advantages 
discussed under Fig. 12 and Fig. 13. 

1 With this system the compressor equipment will be «Per;'»;ted a t 
a hiSher suction pressure under linhi load conditions and at the 
same time an accurate regulation of delivered air temperatures 
m^y be maintained througth the throttling effect of the face and 
by-psM dampers. . . ^ . 

There is no essential difference in the control sequence 
if a return or outside air by-pass is utilized in place of 
the face and by-pass shown. 

Limitations of Two-Stage Thermostats , . , n 

It has in many cases been common practice to install a 
simple two-stage thermostat to control two-speed com- 
pressors. Without the use of a humidify control in the 
circuit such as shown in Fig. 13, this system may result 
in unsatisfactory condition . , , , , 

As the load becomes lighter, the sensible load decreases 
and the machine will tend to operate most of the time on 
low speed or half capacity. This means that the coil 
temperatures under light sensible load conditions will be 
high. Actually, under light sensible load conditions, the 
latent heat load often increases with respect to sensible 
heat giving a low S/L ratio. This will result in high 
relative humidities so that in gr ral it is better to 
operate at a low coil temperature during light sensible 
load conditions than it is at a high coil temperature. 
Obviously, this . i just described would operate just 
the reverse of the recommended practice. 

Another similar type of system are those systems where 
a multiple step controller is controlled by a dry bulb 
thermosUt to throttle the capacity of the machine with 
changes in dry bulb temperature. Again this oermits 
higher coil teniperatui under light sensible load condi- 
tions which is undesirable if a humidity control is not 
used as a 1 ting devir 



If a two-stage thermostat is used to control solenoid 
valves on split direct expansion coils, it is obvious that 
under light sensible load conditions half of the coil xvil be 
used and that therefore the load on the low side is less 
resulting in lower suction pressures. This type of system 
therefore, gives low coil temperatures under light sensible 
load conditions and will not result in an upward drift of 
relative humidities if the S/L ratio decreases. 

This statement is also true of a thermostat controlling 
a multiple step controller which is used to contro solenoid 
valves on several banks of direct expansion cooling coi s 
since when fewer coils are operating under light sensible 
load, the suction pressure decreases, as is desirable. 

CONTROL OF REFRIGERATION EQUIPMENT 

In the previous discussions the use of a combination 
hiffh and low pressure cutout has been mentioned but the 
functions of this controller have not been discussed in 

^The operation of refrigeration machinery in connection 
with air-conditioning varies somewhat from typical com- 
mercial applications because of the unusual conditions 
arising due to the rapid movement of air over the heat 
exchanger surface. 

Suction Pressure Control 

The low pressure control serves the purpose of limiting 
the suction pressure and thus preventing the machine 
from pulling a low enough pressure to cause the coil to 
freeze The rapid air circulation through the coil will 
quickly raise the suction pressure by evaporating the 
Jefrigerant left in the coil. Therefore a v.nde differential 
should be employed on the suction pressure control to 
prevent short cycling. 

High Pressure Cutout 

A high pressure cutout is also used to prevent the head 
pressure from building up to an excessive point as a 
result of condenser water failure or other causes. Instead 
of using a separate high pressure cutout this feature is 
generally provided by a combination pressure control 
providing the functions of both low pressure protection 
and high pressure cutout. 

The conventional high pressure cutout on an air-condi- 
tionine svstera will protect the machine in event an 
exceTsfve TreSure is Reached but it will not prevent 
starting of the compressor under a condition where the 
head pressure is nearly up to the cutout point. For 
exaniDle: The high pressure cutout may be set to cut out 
at 200 lbs. per sq. in. If the head pressure ^^•ere up to 
190 lbs. per sq. in. it would be possible for someone to 
stop and immediately restart the compressor against this 
wide pressure difference, resulting in an abnormal load. 

The Polartron* 

There is now available a new refrigeration compressor 
control. "The Polartron", which definitely prevenu the 
starting of the compressor under any circumstances until 
the head pressure has dropped to whatever cut-in point 
is chosen. It also prevents starting until the low side 
pressure rises to the normal cut-in point. This means that 
when the machine stops from any cause the control 
prevents restarting until the pressure differential across 
the compressor has narrowed to the desired limits, thus 
eliminatfng an abnormal load, which is an ""'^"o^ 
on the ordinary installation. In addition, the control 
provides thermal overload protection and a convenient 
junction for wiring. 

Multiple Compressor Control 

On large multiple systems y frequently a battery of 
individual compressors is used in piv . rence to one 1 
central machine. The purpose of usmg a numb'^r of 
smaller units i.. ead of . large unit is found m the 
n bility of such an arrangement in bemg adaptable t.> 
v.irving loads. 

♦ Trade Mark 
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In controlling a battery of compressors of this type 
primary control very frequently is accomplished from the 
suction pressure. In other words, several compressors 
may be tied together with common suction and liquid 
headers. It then becomes desirable to measure the suction 
pressure and control the number of machines operating in 
such a way as to maintain a constant suction pressure. 
Care must be taken in choosing the cut-in and cut-out 
pressure of each compressor to prevent short cycling of 
any machine. 

On indirect systems where refrigeration is used to con- 
trol the temperature of water supplied to the air-condi- 
tioning system, the control of the compressors generally 
takes place from the temperature of the w^ater storage. 
On direct expansion systems the sequence of operation of 
the compressor may also be controlled from room condi- 
tions by temperature or humidity controls. 

In either event, the control sequences required are sim- 
ilar, and the multiple step controller provides a simple 
means of controlling multiple compressor operation. 

Sequence Control 

The step controller is a control unit which provides for 
successive opening and closing of electric circuits in 
response to the demand of a modulating type controller. 
With this type of control it is possible to operate multiple 
power units in a definite sequence so that they may be 
energized and de-energized in direct proportion to load 
variations. 

Definite precautions must be taken to prevent the pos- 
sibility of all equipment being energized simultaneously 
following a failure in power w^hich occurs at a time when 
the system has been brought up to maximum capacity. 

If no particular means of protection were provided and 
a power failure should occur when all motor units were 
in operation, these motors w^ould be thrown across the line 
simultaneously upon a resumption of power and the 
electric supply circuit would be dangerously overloaded. 

A system is available which provides protection against 
such an occurrence as this, and should always be installed 
where the step controller is used in the control of multiple 
compressor installations. With this system, a modulating 
type Pressuretrol or thermostat positions the step con- 
troller to cause any required number of compressors to 
operate. However, in the event that a power failure 
occurs, on the resumption of power service no current is 
allowed to pass through the starter coils and therefore 
none of the compressors will run immediately. A relay 
included in the circuit causes the step controller to return 
to the starting position cutting off the switches one by 
one. W^en it has reached the starting position, the relay 
will provide power to the starter coil circuit and the motor 
will then be positioned under command of the modulating 
control so as to cut on successive compressor motors one 
at a time until it reaches the stage demanded by the 
controller. 

Fig. 15 shows the schematic arrangement of control 
equipment for step control of multiple compressors. A 
detailed wiring connection diagram for this system is 
shown on page 20 of Section Three. 

It is not always necessary to have a large number of 
compressors in order to obtain numerous steps of capacity 
and flexibility in adapting the capacity to the load. It is 
possible with the use of the multiple step controller to 
obtain additional stages of operation by re-connecting the 
compressors in prog^ressive stages or by re-connecting 
two-speed compressors. For instance, if three compressors 
were available of 5 H.P., 7% H.P., and 10 H.P. capacity, 
a total of seven stages of operation can be obtained, as 
follows: 
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Stage No. 1 — 5 H.P. compressor 

Stage No. 2 — H.P. compressor 

Stage No. 3 — 10 H.P. compressor 

Stage No. 4— 5 H.P. +73^ H.P. = 12HH.P. 

Stage No. 5—5 H.P. +10 H.P. =15 H.P. 

Stage No. 6— 7^ H.P. -f 10 H.P. =173^ H.P. 

Stage No. 7—5 H.P.+7H H.P.+IO H.P.=22H H.P. 

INTERNAL COMBUSTION ENGINES 

Where internal combustion engines are used as the 
power unit for refrigerating machinery, control may be 
obtained through throttling the engine capacity. 

Throttle Control 

A modulating motor can be mounted directly on the 
engine and mechanically connected to the throttle arm. 
This motor reacting to gradual changes in suction pres- 
sure, humidity, etc., will reposition the engine throttle 
to reduce the equipment speed as the load decreases. An 
alternate arrangement of equipment provides for throttle 
control by an engine governor which is reset by the 
movement of the modulating motor. 

Minimum Speed 

In controlling the speed of internal combustion engines, 
precautions must be taken to prevent throttling below a 
certain idling speed. This minimum engine speed is deter- 
mined by the design of the particular equipment under 
consideration. To prevent the engine from operating at 
too low a speed, it is desirable to utilize a positive acting 
snap switch on the modulating motor which will cause the 
ignition circuit to the engine to break when the motor has 
moved to a fixed point. 

Automatic Starting 

When the system is under automatic control, it is there- 
fore frequently necessary to provide a means of auto- 
matically restarting the engine after a period of complete 
shutdown. This may be accomplished by allowing the 
switch on the modulating motor to re-establish the start- 
ing circuit when the motor calls for a proper operating 
speed. 
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Protection 

Adequate protection against excessive head pressures 
must be provided. In the event that the engine is con- 
trolling from temperature, special precaution should also 
be taken to prevent extremely low suction pressures. 
These functions may be accomplished by a two-position 
control device for high pressure cutout and where low 
oressure protection is required, a modulating type pres- 
sure control can be used to good advantage since it 
provides for throttling the compressor speed to alleviate 
the low suction pressure condition and thereby eliminates 
the possibility of short cycling the power equipment. 
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Fig. 16 

Fig. 16 shows a typical gas engine control system. 
With this system, a two-stage thermostat acts to start 
the compressor on a small rise in temperature thus allow- 
ing a modulating type humidity controller to regulate the 
speed of the engine in response to relative humidity varia- 
tions. The equipment will operate at greater capacity and 
provide a lower coil temperature as the humidity rises. 

If the temperature continues to rise, the thermostat will 
cause the engine to operate at high speed regardless of 
the action of the humidity controller. 

Should the temperature drop below a predetermined 
minimum, the thermostat will cause the engine to shut 
down. Likewise, should the pressure in the suction line 
from the coil drop to a predetermined minimum, the en- 
gine will be shut down. j ^ 

It is possible to adapt the face and by-pass damper 
system to gas engine installations in such a manner that 
room air temperature will be mainUmed at all timei 
and independent control of coil temperatures will be 
accomplished through a humidity control which will 
reposition the motor driving the throttle arm of thf 
engine. 



THE CONTROL OF AIR WASHER SYSTEMS 

There is a fundamental difference between the operation 
of air washers and closed coil type systems. This differ- 
ence is found in the fact that air leaving the conditioning 
chamber of an air v. her is always very nearly or com- 
pletely saturated. Air leaving a closed coil, however, may 
be saturated to a far less extent depending upon coil 
temperatures and moisture conditions of air entering the 
system. 

In the w or tvpe sn ni the temperature of the water 
in the sprays determines the dewpoint temperature of the 
air leaving the washer chamber. 



SYSTEMS 



Dewpoint Control 

In the closed coil system during periods when there is 
a light latent heat load and w^hen the dewpoint of the air 
passijig through the coil is actually below the coil surface 
temperature, no latent heat is removed or added to the air 
in the rooms. In a washer since the air always leaves at 
a dewpoint determined by the water temperature, it is 
possible to maintain an approximately constant dewpoint 
at all times. The effect of this condition is the mainte- 
nance of constant relative humidity under substantially 
constant S/L load ratios. 

The air washer is in continuous operation and a by-pass 
around the conditioning chamber provides a means of 
maintaining discharge dry bulb temperatures at the 
proper level. A modulating thermostat measures the tem- 
perature of the air leaving the washer chamber and 
controls a modulating three-way mixing valve to propor- 
tion the relative amounts of refrigerated and by-passed 
water in accordance with changes in the temperature of 
the air leaving the chamber. The pump as illustrated 
provides a means for circulating water through the 
system. 

An increase in temperature of the air leaving the 
washer will cause the valve to reposition m such a manner 
that a greater proportion of cold water will be .admitted 
to the sprays thus lowering the resultant dewpoint. Ihis 
type of control is referred to as dewpoint control smce the 
dewpoint temperature, dry bulb temperature, and wet bulb 
temperature leaving the washer are all at practically the 
same level. 

With this t>T)e of system, the S/L ratio (the relation 
between latent heat removed and sensible heat removed 
from the space) remains constant at all times for a given 
dry bulb temperature and relative humidity. 
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Figure 17 

The application of "Dewpoint Control" is illustrated in 
Fip. 17. 

It is apparent that additional economies can be obUined 
if the dewpoint 1 riture is raised during periods when 

the latent heat load is lox This function can be accom- 
Dlished bv using a humidity control to reset the control 
point of the dewpoint thermostat in such a manner that: 
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1. Low dewpoint temperature will be maintained when 
relative humidities are high. 

2. A higher dewpoint temperature will be maintained 
when relative humidities are low. 

This additional feature prevents the unnecessary 
removal of latent heat. 

DEHUMIDIFYING SYSTEMS 

Inasmuch as a great proportion of the total load on a 
cooling cycle is made up of moisture removal loads, sys- 
tems are very widely installed which provide for moisture 
removing functions rather than a cooling result. Two 
popular types of installations working on this principle 
are: 

1. SlUca Gel Dehumidifier. 

2. The dehumidifyinfi spray type of system. 

Silica Gel 

With the Silica Gel system the air is passed through 
Gel beds which absorb the moisture from the air. Air is 
then usually passed through a cooling coil which will 
provide the required amount of sensible cooling. These 
Gel beds must be reactivated periodically and this is com- 
monly done by alternating between two Gel beds, reacti- 
vating one while the other is being used. 

Spray Dehumidifier 

The dehumidifying spray type of installation consists 
of a solution of lithium chloride or other chemical solu- 
tions having an affinity for moisture. The solution is con- 
centrated to such an extent that it has an affinity for 
moisture in the air, and the solution sprayed in the path of 
the air will absorb moisture. Again the air is generally 
passed through cooling coils which provide for some 
sensible cooling or the spray may itself be cooled. The 
solution when it leaves the sprays is passed at least in 
part through a concentrator which boils off some of the 
moisture collected and returns the solution at its original 
concentration. 
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Fig. 18 shows a typical control for a dehumidifying sys- 
tems. The particular illustration shows a Silica Gel sys- 
tem. The humidity control places the system in operation, 
gas is admitted to the reactivating chamber and an alter- 
nating motor is put into operation. If the cooling coil is a 
water or brine coil rather than a direct expansion coil as 
shown, it is generally controlled by a thermostat of the 
modulating type which positions the motorized valve, 
throttling the supply of water to the coil. 

Generally in an installation of this kind the humidity 
controller is set to a lower value than could be used on a 
strictly cooling installation. The reduction in relative 
humidity permits the maintenance of higher dry bulb 
temperatures to get the same feeling of comfort. 



APPLICATIONS REQUIRING REHEAT 

Many of the systems described in this section have 
shown methods for the independent control of both tem- 
perature and humidity within the limitations of the air- 
conditioning system. Actually, however, the physical laws 
involved prevent the maintenance of definite temperatures 
and humidities under all load conditions unless some 
form of reheat is employed. 
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Fig. 19 provides a psychrometric illustration of the 
necessity for reheat on installations where both tempera- 
ture and humidity must be maintained under varying load 
conditions. In this example the following facts are 
known: 

1. The desired space conditions are 80^ and 50% R.H. (represented 
by point A). 

2. The lowest available coil surface temperature is 50^ (represented 
by point B on the saturation curve). 

From this information it is possible to determine thit 
the desired conditions may be maintained for load condi- 
tions where the S/L ratio is 2 (see page 11 for detailed 
explanation). 

This means that the air discharged from the conditioner 
unit using a 50** coil temperature will absorb one-half as 
much latent heat as sensible heat. Obviously, this ratio 
does not represent an exact sensible and latent B.T.U. heat 
removal, but merely a ratio between the two. 

Should the load conditions change so that the S/L ratio 
becomes 3 it is obvious that it is necessary to remove only 
one-third as much latent heat as sensible heat to main- 
tain the specified conditions. Operating at 50"* coil tem- 
perature the unit would then deliver air which would 
absorb a greater amount of latent heat than necessary 
while removing enough sensible heat to maintain the 
desired conditions. This would result in lower humidity 
conditions than those specified. Normally this is not 
objectionable in comfort conditioning. 

If, on the other hand, the S/L ratio should decrease to 
1.5 it can be seen that it becomes necessary to remove 
two-thirds as much latent heat as sensible heat in order 
to maintain conditions as required. It is not possible to 
accomplish this with the equipment operating at a 50** F. 
coii temperature. One of two conditions will result: 

1. The relative humidity may be held at 50% but the tempertaure 
will be reduced below 80^ F. 

2. The temperature may be held at 80^ F. but the relative humidity 
will rUe above 50%. 
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On many of the systems described in this section we 
have shown methods where both temperature and humidity 
could be controlled independently within the limitations 
of the system. Actually, however, physical laws involved 
prevent the maintenance of definite temperatures and 
humidities throughout all load conditions. We have already 
discussed the relation between the coil temperature and 
the ratio of sensible to latent heat removal. 

Referrine to Fig. 19, we have a problem of maintaining 
a temperature represented by point -A" at 80 and main- 
taining a relative humidity at 50%. If the lowest coil 
temperature available is 50" as represented by point B 
on the saturation curve, we can see that such air dis- 
charged into the room will remove just twice as much 
sensible heat as latent heat. In other words, the S/L ratio 
will be 2. As long as the S/L ratio is greater than 2, we 
can maintain the temperature and the humidity as re- 
quired providing we have a means of raising the coil 
temperature. 

However, under a condition where the S/L ratio is less 
than 2— in other words, where the loads were such that it 
would be necessarv to remove more latent heat than as 
represented by one-half of the sensible heat removed, it 
would obviously be impossible to maintain relative hu- 
midity at 50% as required. 

Even if we could lower the coil temperature, \ye would 
soon reach a condition where it would be impossible with 
any coil temperature to maintain the humidity as aesired. 
Tviis point is represented by the intersection of the 
straight line from point '*A" drawn at a tangent to the 
saturation curve. Thus it can be seen that if we had a coil 
temperature of 35° represented by point the resulting 
ratio between sensible and latent heat remova would be 
1.5. In other words, we would remove 1 BTU of latent 
heat for every l^A BTU's of sensible heat. Again, if the 
ratio between sensible and latent heat removed becomes 
smaller than this value, it is impossible with any coil 
temperature to maintain a dry bulb temperature of 80 
and 50% relative humidity. 

When this condition occurs, the only possible method of 
maintaining the temperatures and humidities as required 
is by the physical addition of sensible heat to the air— in 
other words, reheating. 

Assume that with a coil temperature of 50° we encoun- 
ter a condition wherein it becomes necessary to remove 
just as much latent heat as sensible heat in order to 
maintain the temperature at 80° and the relative humidity 
at 50%. This means that the ratio between sensible to 
latent heat removed becomes 1.0. 

Obviouslv we must supply air to the rooms at some 
condition where the difference in sensible heat between 
the air discharged and the air in the room is equal to the 
difference in latent heat between the air discharged and 
the air in the room. This means that the air discharged 
must lie somewhere along a straight line on the chart 
drawn in to represent this ratio of 1.0. Referring to I'lg. 
22, if the coil temperature is 50° (point *B"), the dew point 
of the air discharged will be somewhat higher as indicated 
at point "D'' (54M. Therefore, the dry bulb temperature 
of the air to be discharged must be raised from 60 at 
point "D", to 70° at point "E" if we are to remove equal 
quantities of sensible and latent heat. We must cool the 
air down to 60° in order to obtain a 54° dew point and the 
(, p( ble method of raising the dry bulb temperature 
to 70° before discharging it to the room is by adding heat 
to the air. This is done by passing it through a heating 
coil aftor it has been cooled. At that time when the air is 
discharged to the room, it is c ip:ible of taking up e^ 1 
quantities of s^- ible and latent heat and therefore main- 
Uining the condii ^ as given. Therefore, the addition of 
reheat is the only means of i ming a d rela- 

tive humidity as well aa a definite dry bulb temperature 



under a load condition that will give a ratio betvjeen 
sensible and latent heat smaller than that determined by 
the lowest coil temperature. 



< 



HUMlOlTr I 

CONTROL M 



ROO 
TMCR 



r 
I 



SOLENOID I 
VALVE I 



.i -* ; 

MOOUI-ATI>J&{ 
VALVE • 



< 

b 



OA 




Figure 20 

Fig. 20 illustrates a simple system for providing reheat. 
The thermostat serves two functions: 

1 To operate the solenoid valve on the direct expansion 
coil to provide cooling in response to a temperature 
rise. 

2. To modulate the steam valve to an open position to 
provide reheat when necessary. 

The humidity control is also connected to the solenoid 
valve in such a manner that cooling will always be pro- 
vided when relative humidity is high. Under conditions 
where the sensible load is light, this cooling for purposes 
of dehumidification would normally depress the dry bulb 
temperature below a comfortable level but the operation 
of the thermostat and steam valve as described under Z 
above prevents this condition. 

Sources of reheat other than steam are: 

1. Hot water colU. 

2. Electric strip heaters. 

y Heat alven off by the condensor In the refrigerating •ytt«ni 

The sv^tem as described under Fig. 20 will definitely 
provide means for maintaining the temperature at the 
setting of the thermostat and at the same time maintain 
the relative humidity at or below the setting of the 
humidity control. This conclusion is based on the assump- 
tion that the refrigeration equipment and steam coil are 
of sufficient size to handle the maximum load encountered. 

Since this svstem does not provide a means of adding 
moisture to the air, it will be impossible to prevent the 
relative humidity from falling below the desired level 
under conditions wherein the primary moisture content ot 
the air is extremely low. If the direct expansion coil is 
being operated under command of the thermostat alone, 
it is obvious that a certain amount of moisture will be 
removed from the air even though the humidity may be 
at the desired point. This general arrangement would, of 
course, be satisfactory on comfort conditioning applica- 
tions but for certain forms of laboratory and industrial 
installations, a separate means of humidification would be 
necessary to prevent the relative humidity from occasion- 
ally dropping below the specified value. 

Some control over relative humidity may be obUined 
on this system by adding a water spray in the air stream 
before the air enters the cooling coil. This spray would be 
operated in the event of a drop in relative humidity. Ihe 
water spray performs some sensible cooling of the air and 
raises its humidity before it en s the cooling coil. Thus 
the over-all S/L ratio of the system is ^^crewed. The con- 
trol, which may be obtained by this method is limited by 
the ability of the air entering the cooling coil to absorb 
moisture. 
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Any of the cooling cycle air-conditioning systems 
described can be arranged in such a manner that the 
function of reheat is provided. In providing a system of 
reheat the following sequence of operation should be 
provided: 

1. Modulatlnfl control of reheat medium to provide heat on a drop 
In temperature. 

2. Modulating or two-position control of the coolin(t medium to 
provide additional coolinjl on a rise in temperature. 

3. Final control of the cooling medium from a relative humidity 
controller. 

When operating refrigerating coils from a relative 
humidity controller or a reheat system, it is usually 
preferable to arrange the equipment in such a manner 
that the lowest possible coil temperature will be provided 
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Figure 21 



when there is a demand for dehumidification and where 
reheat will be necessary. The reason for this lies in the 
fact that the greatest proportion of latent heat is removed 
from the air at this low coil temperature condition. Since 
the proportion of latent to sensible heat removed increases 
on a decrease in coil temperature, less total reheat 
will be required when the system is operated under these 
conditions. 

Fig. 21 illustrates a method of reheat control applied 
to an installation on which two steps of refrigeration are 
available. On a rising temperature the two cooling stages 
are brought on in sequence. When the relative humidity 
is higrh, the compressor is operated at maximum capacity 
under the control of the humidity sensitive element. 

Should the room temperature drop as a result of this 
demand for dehumidification, the thermostat will operate 
the steam valve to provide the necessary degree of reheat. 
This system is similar to that shown in Fig. 20. 

This system should maintain uniform temperature and 
humidity conditions as long as the load is strictly one of 
cooling and providing the system is designed in such a 
manner that the amount of air handled and the coil tem- 
peratures maintained will bear a proper relation to the 
maximum sensible and latent loads as well as the extreme 
ratios between these loads. 

CONTROL OF OUTSIDE AIR DAMPERS 

Ventilation is one of the important functions of the air- 
conditioning system and on the usual installation it is 
required that a certain minimum amount of outside air be 
taken into the system at all times to provide this ventila- 
tion. 

However, it can be seen that under some conditions it is 
much more economical to take the outside air and condi- 
tion it rather than to recirculate air from the spaces being 
conditioned. 



The control of the outside air dampers therefore should 
bear a relation to the outside air temperature and when 
the outside air temperature is at a lower temperature than 
the temperature in the room, the system should take 100 
per cent outside air. The economies resulting from this 
type of control are obvious. 
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Figrure 22 

Generally the control of the outside air damper is as 
shown in Fig. 22. A modulating type damper motor is used 
to position the return air and outside air dampers. This is 
controlled by a manual rheostat that permits setting any 
minimum required on this motor. In the circuit is a remote 
bulb controller measuring the temperature of the outside 
air. This is set at the control point of the inside thermo- 
stat. Then, whenever the outside air reaches a tempera- 
ture below the inside control point, the dampers will be 
caused to open up to the 100 per cent outside air position 
regardless of the position of the manual positioner. The 
manual positioner can be located at any convenient point 
and it is generally the practice in theatres and auditoriums 
to have the switch located in the manager's office or at 
some point where the minimum volume of outside air can 
be adjusted to the number of occupants. 

It is obvious that the additional control required for 
outside air control is well justified in terms of the savings 
effected by using the cool outside air during times when 
conditions are favorable. Very frequently the outside tem- 
perature may be very high during the day but at night 
will cool off very sharply. If a building has been heated 
up and has a fairly high internal heat load, the tempera- 
ture can be much higher inside than it is outside and under 
that condition this type of system will take all outside air. 
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Figure 23 

In some types of systems where the building is extremely 
tight and there is very little leakage, closing off the recir- 
culated air damper and opening the outside air damper 
may cause a pressure to be built up and reduce the air 
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volume handled by the fan. On an installation of this type 
where there is not sufficient leakage, it is necessary to 
control an exhaust damper simultaneously with the con- 
tS of the return air and outside air damper. This type 
of control is shown in Fig. 23 and will consist siinply 
of a second motor operating an exhaust damper which is 
°pos!tioned" by a dual'arrangement with the first motor o^ 
the outside and return air dampers so that all thjee dam- 
pers move together, the exhaust damper and the outs.de 
air damper opening as the return air damper closes. 

COMPENSATED DRY BULB TEMPERATURE 

CONTROL 

In all of the summer cooling systems that have been 
discussed up to this point, temperature control has been 
obtained through the use of a room or return a^/ type 
thermostat. Actually the control of dry bulb temperature 
at a fixed point during the cooling cycle does not provide 
optimum comfort conditions. 
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Figure 24 

Tests conducted in conjunction with the A. S. H. & V. E. 
laboratories on 275 office workers in the air conditioned 
offices of the Minneapolis-Honey^vell Regu ator Company 
have demonstrated that the comfortable level of inside 
dry bulb temperatures will vary with outside temperature 
conditions. As the outside temperature increases the in- 
side control point should also be raised. 

Fie 24 illustrates a recommended relationship between 
inside and outside temperatures during the cooling season. 
Actually this relationship will vary for different typos of 
installations. 

Factors Effecting Inside Temperature 

The duration or period of occupancy will be the deter- 
mining factor in establishing the final relationship 
between inside and outside temperatures for any specihc 
insUllation. In an office building where there is a con- 
tinuous occupancy during the day the rise in inside control 
point per degree increase in outside temperature would 
be less than in the case of a restaurant or theatre where 
the occupancy is of shorter duration. This can be attributed 
to the fact that ultimate exposure to a low and high tem- 
perature condition within a short period of time will cause 
severe shock to the human nervous and circulatory system. 



The de^ee of shock is far less pronounced as the 
frequency of alternation between the two exposures is 
decreased. 

Tests have further shown that for short-time occupancy 
the inside-outside temperature relationship is effected to 
some extent by climatic conditions and geographical 
location. 

It becomes necessary therefore to provide control of 
comfort air-conditioning not from a fixed setting thermo- 
stat, but rather from one which \-ri\\ vary the inside 
temperature in accordance with outside conditions, ims 
requires a compensated system of control equipped with 
means for readily adjusting the relationship between 
inside temperature control point and outside temperature 
in order that it may be uniformly adapted to various types 
of installations. 

Method of Compensation 

To accomplish this function an outside thermostat is 
provided and interconnected with the indoor controller m 
such a manner that the inside control point wnll be elec- 
trically or pneumatically reset in response to variations 
in outside conditions. Thus, referring to Fig. 27, in the 
case of an office building, it would be possible to change 
the inside control point between 75^ and 82^ on a variation 
in outside temperature between 75 and 100 limits. 
Likewise, in the case of a restaurant, the inside tempera- 
ture could be automatically readjusted between 75 and 
86^ limits while the outside temperature changed from 
75° to 100 ^ For further details refer to pages 23 through 
26, Section III. 

SUMMER-WINTER CHANGEOVER 

Where air-conditioning equipment is installed to pro- 
vide the combined functions of winter heating and sumnier 
cooling, it is desirable to exercise particular care in the 
selection of automatic control equipment. 

While it is possible to operate such systems in two 
phases, one to cover the heating cycle and the other to 
cover the cooling cycle, it is both desirable and economical 
to arrange the control system in such a manner that 
automatic changeover will be obtained. 

There are, during the late spring and early fall periods, 
occasions when the demand made upon the conditioning 
system may change from day to day from heating to 
cooling operation. Unless special provision is made in the 
design of automatic controls, it will be necessary to: 

1. Undertake the responslblUty for manual changeover. 

2. Suffer loss of efficiency and comfort. 

During the mild seasons it is often necessary that heat 
be supplied during the morning and evening hours while 
temperature and humidity conditions are such during the 
day that cooling operation is desirable. Where the system 
is of such desi^ that it is a burdensome tosk to change it 
in accordance with these fluctuations, the satisfaction of 
the user cannot be as complete as in the case where these 
changes are accomplished without manual attention on his 
part If both the air-conditioning and control systems are 
desiirned with automatic changeover in mind, the addition 
orthLs frature involves only slight additional expense 
This expense may be considered self-liquidating m view of 
the fact that the maximum profits are ^rom the year 
around conditioning system under all load conditions. 
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Unit Heaters find wide application for the Iveating of 
commercial and industrial types of buildings. They pro- 
vide a very flexible heating system which can be quite 
easily re-arranged to meet changes in heating require- 
ments resulting from re-arrangements of floor space 
the addition or removal of partitions. 

Careful consideration should be given to provide ade- 
quate control for any unit heater installation. Both the 
comfort conditions in the space and also economy of 
operation depend upon the proper choice of control. 

The flexibility of unit heater heating systems to a large 
degree is the result of the control system. Individual bays 
on a particular floor can be controlled as a single zone so 
that during certain periods of the day when the bay is 
not in use, the temperature in that particular area can be 
lowered in order to save steam. Likewise, certain areas of 
the building can be heated for overtime or night shifts 
without making it necessary to keep the entire floor or 
building at the normal daytime temperature. 

There are two types of control systems which can be 
used for unit heaters. Modulating control has several 
advantages which recommend this type of system over the 
conventional "On-OfT" control. With the Modulating system, 
the fans are allowed to operate continuously and the steam 
supplv to the unit is throttled. In this way, a constant 
discharge temperature for a given condition is maintained 
and unpleasant hot blasts of air are eliminated. Also, with 
continuous circulation, there is little tendency for the air 
to stratify a? it does with "On-Off" control systems when- 
ever the fan stops. 

Modulating control can be obtained with either pneu- 
matic or electrically operated equipment. In many cases, 
the pneumatic system will prove less expensive, particu- 
larly if an air supply is already available. 



MODULATING PNEUMATIC SYSTEM 

The basic pneumatic modulating control system illus- 
trated in Figure 1 consists of a graduate acting thermostat, 
a steam valve, a pressure control switch, and usually a 
manual switch for controlling the fan operation. The 
graduate thermostat reacts to the space temperature and 
positions the throttling steam valve accordingly. A Pres- 
suretrol is connected into the valve branch line so that 
when the thermostat has throttled the valve to some pre- 
determined point, the pressure control switch will stop 
the fan motor. In this way, the possibility of blowing too 
cool air, when the steam valve closes, is eliminated. The 
adjustment of this Pressuretrol depends, of course, upon 
the characteristics of the particular unit heater on which 
it is installed. 
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It is sometimes advisable to include a second pressure 
control mounted in the steam main on the up-stream side 
of the steam valve. This pressure control will eliminate 
the possibility of running the unit and discharging air at 
those times when there is no steam available. 

The piping and electric wiring of this system is illus- 
trated in Fig. 2 



Lowered Night Temperature 

There are several methods for providing lowered night 
temperature with pneumatic modulating control systems. 
The choice of a particular night shutdown system will 
depend upon the requirements of the particular insUUation. 
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If the power supply for all of the unit heaters can be 
run through one centrally located relay, a simple method 
for providing lowered night temperature is to operate 
such a relay from a two-position electric thermostat as 
shown in Pig. 3. Either an automatic time switch or a 
manual switch is included to change over the control of 
the unit heater motors to the night thermostat. 

During the night operation, the fans will remain off until 
the temperature has dropped to the setting of the night 
thermostat. At that time, all of the fans will start and will 
remain in operation until the night thermostat is satisfied. 
All of the normal day thermostats will be calling for full 
capacity because, of course, the night temperature will 
already have dropped below their normal day setting. At 
some predetermined time in the morning, the control of 
the units can be returned to the regular day thermostats, 
with the proper allowance of time for a morning pick-up 
period. 
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Another similar system for night operation, shown in 
Figure 4, makes use of a large steam valve in the steam 
main serving a particular zone or wing. In this case, the 
night thermostat controls the operation of the master valve 
so that during the night, the steam supply to the zone will 
be under the command of the master night thermostat. 
Whenever steam is available at the various units, their 



own control systems will take over and operate the units 
at their maximum capacity until the supply of steam is 
interrupted by the night controls. 

In either of the systems described above, an automatic 
clock-type thermostat can be used for controlling either 
the relay or the valve. 

On those systems where there is no danger of night 
temperature dropping too low, the night low limit thermo- 
stat can be eliminated and the relay or valve operated 
directly by a time switch. With this arrangement no heat 
would be available during the night. 

Another method for reducing temperatures during the 
night on pneumatic systems makes use of a two-tempera- 
ture thermostat knowm as a Da-Nite * Grad-U-Stat. 
Through a simple changeover in the main line air pressure, 
such a system can be easily changed from night to day 
operation, or vice versa, from a central location. This 
changeover can be made, either manually or by means of 
an automatic Timeswitch. 
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ELECTRIC MODULATING SYSTEM 

The electric modulating systems illustrated in Figures 
5 and 6, provide exactly the same sequence as the pneu- 
matic systems already described. The proportioning ther- 
mostat controls the operation of a modulating steam valve 
which is equipped with an auxiliary switch for controlling 
the unit heater motor. This auxiliary switch serves the 
same purpose as the Pressuretrol in a pneumatic system. 

When the thermostat has throttled the steam valve to a 
point where too cool air is being discharged, the auxiliary 
switch interrupts the operation of the unit heater motor. 
A manual switch is also included with the electrical system. 
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limit thermostat can be eliminated and an automatic time 
switch used for controlling the master valve or relay. 
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The optional Pressuretrol insUUed in the steam line on 
the upstream side of the valve may also be used in the 
electric system. This Pressuretrol is capable of interrupting 
the operation of the unit heater motor whenever the steam 
pressure in the main drops. 



Lowered Night Temperature 



Lowered night temperatures can be maintained in the 
space through the use of a separate night thermostat and 
a relay controlling the power to all the unit heater motors. 
This system is identical to the one described above for use 
with pneumatic systems. The thermostat may be either a 
plain pattern thermostat with a manual switch, or it can 
be an automatic clock type thermostat. 



TWO-POSITION CONTROL SYSTEMS 

The most common control system used in unit heater 
work consists of a heavy-duty electric thermostat, control- 
ling the operation of the unit fan together with a low limit 
control to prevent the operation of the fan until the coil 
is filled with steam. This system is illustrated in Figure 7. 

Some type of switch is always used to control the fan 
motor. A popular type is a three-position switch which can 
run the fan continuously, shut the fan off positively, or 
place the thermostat in control of the fan. The application 
of this system is always limited by the electrical rating of 
the thermosUt. For very large units or for three-phaae 
current supply, sUrting relays will have to be used. In 



An alternate system would make use of a master steam this case the thermosUt will merely act as a pilot control 



valve, controlling the supply to all the unit heaters in one 
particular area. This steam valve would be controlled by a 
master thermostat which might be either a plain pattern 



for the pull-in coil of the starter. 

A similar control system makes use of a sensitive Series 
10 thermosUt and a Series 10 relay. This system is slightly 



or an automatic clock type thermosUt. This arrangement ^^^^ expensive than the system described above; however, 
is exactly the same as the one described for the pneumatic capable of mainUining the temperature between 

system above.. closer limits. Also, this system adapU itself very readily 

If there is no possibility of the space temperatures 
«Jropping to dangerous levels during the night, the low 



to the use of clock type thermosUts for lowered night 
temperatures. The system is illustrated in Figure 8. 
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presence of steam in the return line on the upstream side 
of the trap. An Aquastat is oftentimes strapped to the 
face of the unit heater core itself to indicate the presence 
of steam. 

Pressuretrols in the steam supply line are also used 
very extensively in a similar manner. The Pressuretrols 
are the type that will complete a circuit on a rise in pres- 
sure, thereby allowing the thermostat to complete the fan 
circuit only when steam is present. 

Either the Aquastat or the Pressuretrol type of limit 
control can be used with either of the control systems 
outlined above. 



Figure 8 



Low Limit Control 

On any two-position control system where the fan 
operation is controlled from a thermostat, some type of 
low limit control must be included to prevent operation of 
the unit when no steam is present in the coil. If the unit 
is operated with no steam in the coil a very uncomfortable 
blast of cold air may be delivered. 

There are two types of low limit controls which are 
commonly used. A Surface Aquastat can be strapped on 
the return line between the unit and the trap, and can be 
wired into the fan circuit so that the Aquastat will com- 
plete a circuit on a temperature rise as indicated by the 



Lowered Night Temperature 

Lowered night temperature for a particular zone can b€ 
accomplished either by means of a master valve, control- 
ling the steam supply to all the units or through the use 
of a relay which supplies all the power for the various 
unit heater motors. This relay or valve can be controlled 
from a Timeswitch. If there is danger of the temperature 
in the space dropping to too low a level during the night 
a night low limit thermostat can also be included which 
will operate the unit heaters whenever the temperature 
in the space drops below some pre-determined level. Clock 
type thermostats are also sometimes employed for control- 
ling the master valve or master relay. 
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Unit coolers are now available in sizes up to a maximum 
of 15 to 25 H.P. These units are complete package units 
requiring only connections to electrical, water, and sewer 
services. Sometimes they are connected to duct systems 
although many of them are installed to discharge directly 
in the cooled space. In view of the fact that unit coolers 
are installed to decrease the temperature of the space 
during summer months to increase comfort conditions, 
the matter of proper control should be given very careful 
consideration. 
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Figure 1 

Figure 1 illustrates the simplest type of temperature 
regulation. A reverse-acting or cooling type of thermosUt 
operates the compressor in accordance with the cooling 
demand. The fan is normally run continuously in order to 
provide constant circulation of air. 
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Figure 3 shows a system very similar to the one 
described above, except that two separate units are oper- 
ated from the two-stage thermostat. Operating the t^vo 
units as separate stages provides the same advantages as 
those outlined for the two-stage operation of a single unit. 
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Figure 2 

The control system shown in Figure 2 ib used on units 
which include two stages of cooling capacity. On the 
initial rise in t perature, the two-stage thermosUt starts 
the unit on the first stage at reduced capacity. As the 
temperature contmues to rise, the thermostat makes a 
second contact, which brings in the second stage of refrig- 
eration. The fan is usually operated continuously. 

This system provides for long operation on the first 
sUge during li^ht load conditions, which is very advanU- 
geous on many installati because it eliminates cyclical 
varial s in iperature and humidity. If the entire unit 
wen ( ontrolled as a single sUge it would mean that during 
light loads the unit would run for only short periods of 
time at full car ty with resultant fluctuation in humidity 
and tempf are. 
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The Schematic wiring showTi in Figure 4 is used with 
either type of two-stage system to provide for the control 
of humidity. 

The humidity control is connec 1 into the control circuit 
so that if the thermostat is calling for cooling on the first 
stage, as it would in imld weather, the humidity control 
will be capable of operating the cooling equipment at full 
capacity, thereby providmg the ma im amount of 
dehumidification. The humidity control is connected 
between the high and \o\k iperature contacts of the 
two-sUge ther sUt. If the temperature should drop too 
low as a result of oi iting at full capacity, the thermo- 
stat will shut off the unit when the thermosUt breaks 
its first sUge or low temperature conUct. 
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The Unit Ventilator is a self-contained room ventilating 
machine that takes a quantity of outside air, recirculated 
air, or a mixture of both and cleans, tempers or heats, 
diffuses, and distributes it throughout the room. 

The primary functions of a Unit Ventilator are as 
follows: 

1. To supply a given minimum amount of outside air 
for ventilation in accordance with the best practice 
and the requirements of the state law. 

2. To heat the air to approximately room temperature 
if the unit is intended for ventilation only, or to a 
higher temperature if the unit is to take care of all 
or part of the heat losses of the room. 

3. To control the temperatures of the delivered air to 
prevent both cold drafts and overheating. 

4. To deliver air to the room in such a manner that 
good distribution is obtained without drafts. 

5. To recirculate room air for heating when ventilation 
is unnecessary. 

6. To clean the air supplied to the rooms by means of 
dry or viscous ty^e filters. 

7. To perform all its functions without objectionable 
noise. 

Two general types of systems utilizing unit ventilators 
are in use today, namely: 

1. Split System. 

2. Combined System. 

The "split system" consists of one or more unit ventila- 
tors which are used primarily for ventilation, with 
auxiliary direct radiation to offset the heat transmission 
losses of the building. 

The "combined system" employs the unit ventilator 
alone to not only supply sufficient heat for ventilation air, 
but for the heat transmission losses as well. In this case 
the direct radiation is omitted altogether. 

CLASSIFICATION OF UNIT VENTILATORS 

Unit Ventilators may be classified under two major 
heads, i.e.. Class A and Class C units, differing both in 
constructional features and in the method of control 
applied. 




Figure 1 



Class A Units 

Fig. 1 illustrates schematically the constructional 
features of a typical Class A unit. 

It will be noted that the salient features of this type 
of unit are the two sets of dampers whereby control of 
temperatures is effected. The combined fresh and recir- 
culated air damper governs the relative amounts of 
outside and room air admitted to the unit, and in addition 
closes off the outside air supply, admitting only recir- 
culated air during the warm-up period. The mixing or 
by-pass damper at the heating coil controls the tempera- 
ture of the air discharged to the room by varying the 
relative quantities of air passed through and around the 
heating coil. The steam coil is in some cases permitted 
to run wild, although it is preferable to control the steam 
supply to preclude the possibility of heat from the coil 
leaking past the damper into the by-pass chamber during 
periods of maximum cooling. Under these conditions it 
is preferable to close the steam valve at this point in the 
cycle. 

When the fan is stopped, steam is supplied to the 
heating coil, the by-pass damper is closed, the fresh aii 
damper is closed and the recirculating damper is opened, 
permitting the unit to operate as a direct radiator. 



DISCHARGE 




Figure 2 



Figure 2 illustrates another design of Class A or damper 
type unit. All return air passes through the heating coil, 
however outdoor air can be by-passed around the heating 
coil. 

During the heating up cycle both outdoor air dampers 
are closed so that the unit handles only recirculated air. 
As the temperature rises the minimum outdoor air damper 
below the heating coil opens. On a further rise in temper- 
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ature the outdoor air damper above the coil modulates open 
and the minimum outdoor air damper modulates closed. 

When maximum cooling is required, the recirculated air 
damper is closed, the steam valve is closed, and all outdoor 
air is brought in above the coil. 

Upon stopping the fan, the outdoor air dampers are 
both closed, the steam valve opens, and the recirculated 
air damper is opened. 



Class C Units 

Fig. 3 illustrates schematically the construction features 
of a typical Class C unit. 
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Figure 3 



It will be noted that the chief difference between the 
Class A and Class C units lies in the absence of the 
by-pass or mixing dampers. All of the air is allowed to 
pass through the heating coil with temperature control 
being effected by modulating the steam valve and fresh 
and recirculated air damper in sequence. In the case of 
shutdowTi, the steam valve is opened wide and the fresh air 
damper is closed, permitting the unit to act as a radiator. 

Either electric or pneumatic controls may be applied to 
unit ventilatoTS. 



PNEUMATIC CONTROL 

Pneumatic control systems are available for unit ven- 
tilator applications in all sUndard and special cycles of 
operation. The simplicity of operation and ease of instal- 
lation and adjustment of the Gradutrol system cause it to 
be readily applicable to special cycles and to units which 
are more or less special with regard to the design itself. 



Class A Units 

There are two control arrangements which are commonly 
used with Class A or damper type units. The cycles differ 
because of the difference in construction between the two 
types of Class A units which are available. 

M-H-R Cycle Dl 

Units utilizing M-H-R Cycle Dl require two damper 
motors, one for operating the by-pass damper and the 
other to control the outdoor and return air dampers. 
Steam valves are used for controlling the supply to the 
heating coil and are supplied with springs so that they 
move only during certain periods of the cycle. 

A graduate acting thermostat adjusted for approxi- 
mately a four degree differential controls both the unit 
ventilator and the auxiliary radiation on split systems. 
The auxiliary radiation is used only during the heating-up 
period. 
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Figure 4 



The system as shown in Figure 4 provides the following 
sequence: 

1. As the unit is sUrted up, with the room temperature 
below the setting of the thermosUt, the auxiliary 
radiators and unit coil will be full of steam, and the 
outdoor air damper wnll hv closed. The by-pass 
damper will be closed thereby sending all the recir 
culated air through the hen g coil in order to 
provide full capacity for heating-up. 
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2. As the room temperature enters the range of the 
thermostat the auxiliary radiation is closed off and 
the outdoor air damper is opened wide. 

3. On a further rise in temperature the by-pass damper 
is modulated open so that air by-passes the heating 
coil. 

4. To provide maximum cooling, the heating coil valve 
is shut down after the by-pass damper is completely 
open. 



M-H-R Cycle D2 

A gn*^duate thermostat adjusted for about a four degree 
differential controls both the unit ventilator and the direct 
radiation. One damper motor controls the outside air and 
return air dampers, and a steam valve controls the supply 
to the heating coil. The springs in the valves are specified 
so that they move only during a certain part of the cycle. 

Figure 5 illustrates a system for accomplishing Cycle 
D2 in the following manner: 

1. With the room temperature below the thermostat 
setting, when the imit is started up valves will be 
open and steam will be in the heating coil and direct 
radiation. The recirculated air damper will be wide 
open and both outdoor air dampers will be closed. 

2. As the room temperature enters the range of the 
thermostat, the minimum fresh air intake below the 
heating coil will open. 

3. On a further rise in temperature the direct radiation 
will be shut off. 

. 4. As the temperature rises further the by-pass fresh 
air damper above the heating coil modulates open 
and the minimum fresh air damper modulates closed. 

5. Finally to provide maximum cooling the valve on the 
heating coil modulates closed. At this time all the 
air delivered by the unit is fresh air which has by- 
passed the heating coil. 



CRADUSTAT 



15 LBS.- - 



MAIN 



TOA UXILIARY RADIATION 



CLOSES AT 4 LBS 



UNIT 
VALVE 
8 TO 12 LBS 

AUXILIARY^ 
RESTRICTION 




LE AKSTAT 



FAN ASSEMBLY 



UNIT COIL 





1 






,1 


1 



OUTDOOR AIR 
DAMPER MOTOR 
3 TO 13 LBS. 



1 



m 



+ 




T SPRING 



Figure 5 



Class C Units 



There are three cycles of operation for Class C units 
which have become more or less standard among the 
various unit ventilator manufacturers. These are known 
by the following designations: 



MHR 
No. 1 
No. 2 
No. 3 



Peerless 
1 
2 
3 



Nesbitt 
F 
A 
O 



Sturtevant 
2 
1 

3 



Trane 
A 
C 
B 



All of these cycles require motors for the intake and 
recirculating dampers which wiW move only at definite 
periods during the cycle. They all require valves for the 
unit ventilator heating coil equipped with throttling disc 
nuts and spring arrangements so adjusted that the valves 
will move only during definite periods. If auxiliary radia- 
tion is used, as in a "split system," the radiator valves 
must be so adjusted that they will close at about 4 pounds 
pressure on the branch line of the thermostat, or before 
the unit ventilator begins its cycle of operation. 

A graduate thermostat with a four degree differential 
is used to control the motors and valves. In most cases a 
leakstat or airstream thermostat is also used to prevent 
the temperature of the discharge air from dropping 
sufficiently low to produce drafts. 

Following is a description of the method of accomplish- 
ing the three standard cycles of operation with pneumatic 
controls. 
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M-H-R Method No. 1—100% Outside Air 

Fig. 6 illustrates the method of accomplishing this cycle 
of operation. 
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Figure 6 



When the unit is started up, steam is supplied to the 
radiator and to the auxiliary radiation (if used) and 
the intake damper is closed to outside air. The unit 
recirculates room air until the room temperature 
approaches the desired point. 

As the room temperature enters the range of the 
thermostat, the branch line pressure is built up as 
the thermostat closes its port. The auxiliary radia- 
tor valves close completely at a pressure of four 
pounds. The intake damper motor is so arranged 
that the damper will be opened to 100% outdoor air 
at a branch line pressure of five pounds. 

From this point on the steam valve controls the 
room temperature. As the temperature rises and 
the branch line pressure increases to six pounds, the 
unit valve begins to close and is fully closed at 
eleven pounds. The airstream thermostat or leakstat 
located above the coil prevents the discharge tem- 
perature from dropping to a point which would cause 
drafts by modulating the steam valve open. 

An auxiliary restriction, which is located so that the 
connections to the unit coil valve and the airstream 
Stat are on the restricted side, prevents the leakstat 
from breaking down the branch line pressure of the 
room thermosUt and operating the inUke damper 
motor or the radiator valves. 



M-H-R No. 2— Fixed Minimum Quantity of Outdoor Air 
During Occupancy 
Fig. 7 illustrates the method of accomplishing this cycle 
cf control. 
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Figrure 7 
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When the unit is started up, steam is supplied to the 
unit coil and the auxiliary radiation (if used), and 
the intake damper is closed to outside air. Room 
air is recirculated until the room temperature 
approaches the desired point. 

On a rising room temperature the branch line pres- 
sure rises. The intake damper opens to its minimum 
position when three pounds pressure has accumu- 
lated on the branch line. The radiator valve (if 
used) is fully closed when four pounds pressure has 
accumulated. The unit valve starts to close at three 
pounds pressure and is fully closed at eight pounds 
pressure. 

As long as the fixed minimum amount of fresh air is 
sufficient to prevent overheating, the damper remains 
in this position. If the room temperature contmues 
to rise, the branch line pressure rises further to 
modulate the outdoor air damper from its mmimum 
position to a wide open position with full pressure 
on the branch line. 

The air stream thermostat or leakstat, located over 
the unit coil on the steam supply side, prevents the 
discharge temperature from dropping to a point 
which would produce drafts by modulating the inUke 
damper and coil valve. 

An auxiliary restriction is installed in the branch 
line of the room thermosUt so that the connections 
to the damper motor, the unit coil valve and the 
leakstat are all on the restricted side of the branch. 
This prevents the air stream thermostat from break- 
ing down the pressure in the room thermosUt branch 
line and opening the radiator valve. 
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M-H-R No. 3 — Variable Amount of Outside Air 

Fig. 8 illustrates the method of accomplishing this cycle 
of control. 
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Figure 8 

When the unit is started up, steam is supplied to 
the unit coil and the auxiliary radiation (if used), 
and the intake damper is closed to outside air. 

As the room comes up to temperature the auxiliary 
radiator valve (if used) closes after four pounds 
pressure has accumulated on the thermostat branch 
line. The unit coil valve starts to close at six pounds 
and is fully closed at eleven pounds. 

The air stream thermostat is located below the unit 
coil just above the fan discharge. The air stream 
thermostat starts to function as the room comes up 
to temperature and the branch line pressure rises to 
four pounds and positions the intake damper so as 
to take a mixture of outside and recirculated air to 
deliver a constant temperature to the unit coil. 

The intake damper motor operates between four and 
eight pounds. When the steam valve is closed and 
the unit is operating as a ventilating machine, the 
discharge temperature is determined by the position 
of the intake damper. 

In this case the auxiliarv restriction is located so 
that the connections to the intake damper and the 
air stream thermostat are on the restricted side. The 
air stream thermostat may then operate the intake 
damper motor without breaking down the pressure 
in the unit valve and radiator valve branch line, 
causing them to open. 



Auditorium Type Units 

Large units for heating and ventilating auditoriums, 
gymnasiums, etc., are controlled on the various cycles as 
detailed above. There are numerous variations of these 
cycles, however, and the motors and valves must be 
arranged with special springs, etc., to accomplish the 
cycle as specified. It is often necessary to use a graduate 
relay in order to supply sufficient air for the control at 
the units, due to the larger motors and valves involved. 



Manual Control 

It is often desired to control unit ventilators manually, 
chiefly for economic reasons, since it is realized that 
greater efficiency and increased comfort are obtained if 
the human element is entirely eliminated through the 
medium of automatic controls. Linkage assemblies have 
been developed for several of the Class C unit ventilators 
to accomplish M-H-R cycles No. 1 and No. 2. The sequence 
of operation of the intake damper and the steam valve is 
identical with that obtained by the use of automatic 
controls. 

ELECTRIC CONTROL 

Class A Units 

There are several cycles which are commonly used to 
control the operation of a by-pass unit ventilator, differing 
in the method of controlling the fresh air damper. Usually 
two motors are required on this type of unit, one of them 
for the intake damper and one for the mixing damper. 
The most common cycles operate as follows: 

Fig. 9 illustrates the controls and wiring for the first 
cycle. 



1. 



With power off, the fan is shut down, the steam valve 
is open, the fresh air damper is closed, the recir- 
culated air damper is open and the by-pass damper 
is closed, causing room air to pass through the coil 
unit by convection. 
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Figure 9 
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During the morning pick-up period, the unit operates 
with the fresh air damper closed and the recirculated 
air damper open. The by-pass damper is controlled 
from the room thermostat to vary the relative quan- 
tities of air passed through and around the coil m 
accordance with the demand for heat. 
Shortly before the room is to become occupied the 
fresh air damper is opened and the recirculated air 
damper closed by means of a manual switch, either 
at the unit or remote, to supply ventilation air. 
Temperatures are then maintained during periods of 
occupancy by modulating the mixing damper motor 
from the room thermostat as before. 
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Figure 10 



It is often desirable to have the inUke damper operate 
automatically from room temperature rather than a 
manual switch. Fig. 10 illustrates the hookup for this 
cycle of control. 

Tn this case the power for the intake damper motor is 
carried through an auxiliary switch on the mixing damper 
motor. 

1. When the unit fan is started the switch will be 
broken so that the fresh air damper will be closed^. 
As the room temperature rises to approximately 70"* 
the auxiliary switch will complete its circuit as the 
mixing damper modulates to open the by-pass 
around the coil, causing the intake damper to open 
to ir ' fresh air. Room temperatures are main- 
tained by modulating the mixing damper as before. 
The third cycle provides for controlling the intake 
damper to provide 1007c fresh air whenever the system is 
in operation. Fig. 11 illustrates this cycle. 
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Figure 11 



The power for the intake damper motor la taken directly 
from the fan side of the fan startmg switch so that when- 
ever the fan is in operation the intake damper will be 
open to 100% fresh air. 

With all cycles of control, steam is normally supplied 
to the units continuously during the heating season. In 
mild weather, especially when the sun is shming in the 
windows, the temperature in the room rises and no heat- 
ing is required. The by-pass damper will be wide open to 
discharge 100% outside air for cooling. It is possible that 
Seat from the coil will leak into the by-pass chamber, 
reducing the cooling effect of the outside air. 

For this reason a linkage has been developed to Provide 
sequence operation of the steam valve and mixing damper 
using one motor. The cams are usually arranged to close 
the steam valve after the by-pass has opened wide. 

If auxiliary direct radiation is used in conjunction with 
unit ventilators the control of the steam supply to the 
radiators is effected by two-position electric radiator 
vtlves or modustats. If electric radiator valves are used 
a modulating room thermostat, which has a set of Series 20 
Jontac^s n addition to the Series 90 potent.ome er. con^ 
SJJls both the radiator valves and the unit ventilator. The 
thermostat is so adjusted that on a rising room tempera- 
ture the Series 20 Contacts first close the radiator valve, 
after which the potentiometer controls the operation of 
the unit ventilator. 

If a self-contained radiator valve is used, a modulating 
thermostat without extra Series 20 conUcts may be used. 

liToW^in Figs. 10 and 11. The '[f.'iiat^r J'i^ti" Si^SJ 
to close off the steam to the radiator at a temperature 
jSst below that at which the thermosUt w, 1 beg^n to 
operate the unit ventilator, so the direct radiation will b« 
off before the unit starts its cycle. 
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Figure 12 

The Herman Nelson Type D damper controlled unit, 
although classified as a Class A unit, uses a somewhat 
different method of control than do the others in this 
classification. A single spring return type modulating 
motor is used to control the steam valve, outside air 
damper, recirculated air damper, and by-pass damper at 
the command of the modulating room thermostat. 

Pig. 12 illustrates the linkage arrangement which has 
been developed for this unit, and Fig. 13 illustrates the 
schematic control system for this cycle. 

The operation of this unit is as follows: 

1. When the room temperature is below normal the 
unit and the auxiliary radiator (if used) are deliv- 
ering their maximum heating capacity. The unit is 
circulating room air only. 

When the room temperature reaches a predetermined 
point the thermostat causes the lower fresh air 
damper to open to admit the desired quantity of 
fresh air for ventilation. 

If the room temperature continues to rise the steam 
supply to the auxiliary radiator (if used) is shut off. 
Foil owing this the upper outdoor air or by-pass 
damper modulates open and the lower outdoor air 
damper closes, causing outside air to be introduced 
above the heating coil. 

If the room temperature continues to rise, the steam 
valve is closed, giving a maximum of cooling. 

Class C Units 

There are three cycles of operation for Class C units 
which have become more or less standard among the 
various unit ventilator manufacturers. These are known 
by the following designations: 

MHR Peerless Nesbitt Sturtevant Tratte 

No. 1 1 F 2 A 

No. 2 2 A 1 C 

No. 3 3 O S B 



3. 



4. 



Figure 13 

M-H-R methods No. 1 and No. 2 require but one spring 
return type modulating motor to operate the intake 
dampers and the steam valve in sequence. Method No. 3 
requires the use of two motors, one to operate the steam 
valve and the other to operate the intake dampers. 

Fig. 14 shows a side view of a typical application of a 
linkage for methods No. 1 and 2 to a Class C unit. 

Following is a description of the various cycles of 
control: 

M-H-R No. 1—100% Outside Air 

Fig. 14 illustrates the controls used to accomplish this 
cycle of operation: 

1. If the room temperature is below normal, as in the 
morning, when the fan is started the steam valve 
is open and the intake damper closes off all outside 
air so that room air is recirculated through the coils. 

2. When the temperature in the room rises to a pre- 
determined point (usually about 68"") the outside air 
damper opens and the recirculated air damper closes 
so that 100% fresh air is circulated. 

3. On a further increase in room temperature the steam 
valve modulates toward its closed position. 

4. Room temperatures are maintained by modulation 
of the steam valve from a room thermostat. 

A low limit controller is located with its sensitive 
element above the heating coil and is wired into the cir- 
cuit in such a manner as to prevent the discharge tem- 
perature from dropping below a certain predetermined 
point by modulating the steam valve open. The tempera- 
ture of the discharge from the unit is relatively high when 
the fan is not operating and steam is being supplied to 
the unit. Because of these high temperatures at the bulb 
of the instrument, an abnormal pressure may be built up 
in the bellows unless a special unit designed for this 
application is used. 
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Figure 15 



M-H-R No. 2 — Fixed Minimum Outside Air. 

The control equipment for this cycle is identical with 
that used for method No. 1 and is illustrated by Fig. 14, 
except for the fact that the position of the damper cams 
is changed. 

1. The unit starts with the intake damper closed to 
outside air and the steam valve wide open. 

2. When the room temperature rises to a predeter- 
mined point (usually about 68') the outside air 
damper opens to its minimum position. 



3. On a further rise 
modulates toward 
closed at 70*. 



in temperature the steam valve 
its closed position and is fully 



4. As long as the fixed minimum quantity of air is 
sufficient to prevent overheating, the damper remains 
in this position. As the temperature rises above 70* , 
the damper modulates from its minimum position 
and is fully open to 100% outside air at 71'. 

Ab in method No. 1. a low limit controller prevents the 
discharge temperature ffn, droDping below a predeter- 
mined point to avoid drafts by closing the fresh air 
damper, opening the return air damper, and opening the 
iteam valve. 



M-H-R No. 3— Variable Outside Air— No Fixed Minimum. 

Fig. 15 illustrates the controls necessary to accomplish 

this cycle of operation. 

When the unit is started, the steam valve is open the 
fresh air damper is closed and room air is recirculated 
during the warm up period. 

1. When the room temperature reaches a "rtein pre- 
determined point (usually abojit the steam 
valve starts to modulate toward its closed position. 

2. As this occurs, an auxiliary switch on the valve 
motor makes contact, supplying power to the intake 
damper motor and permitting the remote bulb con^ 
troUer to assume command of it. The sensitne 
element is mounted ahead of the heating coil and 
the controller is set to maintain the temp^ature of 
the air entering the heating coil at 60 . inis is 
accomplished b? varying . the relative quantities of 
outside and recirculated air admitted to the unit. 

3. The position of the intake damper is a function of 
room and outside temperature rather than room 
temperature alone. Therefore two motors must be 
used for tliis cycle. The duct controller operates the 
damper motor independently of the valve until the 
JSTs shut down, at which time the auxiliary switch 
breaks power to the motor, which then closes the 
outside air damper. 

If auxiiiarv radiation is used in conjunction with the 
unit ventilator, a room thermostat, which has a Series 90 
Jo entiometer 'and a set of Series 20 conUcts must be 
used The St s 20 contacts will close the radiator valve 
before the unit ventilator begins to operate. 

With all cycles whenever the unit fan is stopped, the 
steam vah e is ^ d wide and the outside a^r^mper is 
closed, permitting the unit to operate as a radiator. 
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Auditorium — Type Units 

Large units for heating and ventilating auditoriums, 
gymnasiums, etc., are controlled on the various cycles with 
electric controls as detailed above. There are numerous 
variations of these cycles, however, and the exact cycle 
and size of unit determine the controls that are required. 

M-H-R Method #2— Fixed Minimum Outside Air. 

Figure 16 illustrates the controls necessary for a typical 
unit operating on this cycle of operation. 

Control Sequence: Modulated control of steam valve 
with a set minimum discharge temperature. Two-position 
fresh air damper opening to a set minimum on an initial 
temperature rise; 100% modulated damper opening on a 
temperature rise indicating a need for cooling. 

1. When the room temperature is below 68 (assuming 
the thermostat is set at 70® with a 4* differential) 
the maximum heat output is required and the ap- 
paratus is as follows: 

a. The valve on the heating coil is wide open. 

b. The fresh air damper is closed and the recirculated 
air damper is wide open. 

2. As the room temperature rises above 68*", the fresh 
air damper opens to the minimum position as set by 
the manual minimum positioning switch. 

3. On a room temperature rise from 68"* to 72**, the 
steam valve is modulated from open to closed. 

4. As the temperature rises above 72*", the fresh air 
damper is modulated from the minimum position to 
100% open for cooling. 

6. On a fall in room temperature, the preceding cycle is 
reversed. 



Note: 1. When the unit ventilator fan motor is shut 

down, the spring return damper motor runs to 
the closed position, thereby closing the fresh air 
damper and opening the recirculated air damper. 

2. A low limit controller must be used with this 
type of unit ventilator. Its primary function is 
to protect the steam coil from freeze-up under 
conditions during which the valve is open slightly 
and the fresh air damper is open to admit freez- 
ing air. Also, the control cycle is improved by 
leveling out fluctuation of discharge tempera- 
ture. Should the discharge temperature drop 
suddenly due to weather or occupancy conditions, 
there would ordinarily be a time lag before the 
thermometer felt this temperature change. As 
a result, there would be a period during which 
cold air would be discharged into the space, caus- 
ing an uncomfortable drafty condition. The low 
limit controller limits the discharge temperature 
to a set minimum, thereby precluding the pos- 
sibility of cold drafts and improving the control 
results. 

3. ''It must be understood that the system described 
in Fig. 16 cannot be used unless the heating sur- 
face used for the heating coil is recommended by 
the manufacturers for modulating service in 
tempering coil applications, because air at a 
temperature below freezing may enter the coil 
when the control valve is only part way open." 
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GENERAL APPLICATION 



7nne Control may be defined as the division of a building 
int'o^re^foTwith ^^^^^^^ ve^oaty ^.nd d.ec- 

cStrSSn 'a^'"Stia?erpSatu'r5 in such a nTanner 
Sha? all desired temperature requirements are met m the 
most economical manner. 



1, 



From the exposure standpoint the north space of 
this building is seldom subjected to solar radiation, 
and therefore, this portion of the buildmg will re- 
quire the most heat during the winter cycle. In order 
?^at the other parts of the buUding will not be over- 
heated while this north space is receiving the re- 
quired amount, it will be desirable to separate the 
?emlinder of the building from the north portion and 
make the north space a smgle zone. 



ThP combined effect of all four outside weather factors. 
J K av^tpmnerature wind direction, wind velocity, and 

than those not so affected. 

°„'g iftKS- of tLbuilding int. the «q S ™mber 
of zones which are to meet the problem i^/'^e particular 
applkatior The major factors, as ^^^^^l^^^^^^^^^^,^^^^ 
paragraph are: Exposure, Occupancy and Construction. 

It is sometimes impossible to find proper lo^tions for 

conditions affecting heat losses ^"''"..^.Sn lU solar 

''TST\x isTof howeve'r', s^Sectt^^" locaUntlrnal 
TeifSs vhicrmareffect the^peration of room type 
thermostats Weathe?stat Control Systems and their ap- 
plication are treated separately in this section. 



2. 



Similarly, while the east front will receive solar 
radiation effects part of the time, it is not subjected 
S the prevailing winds, which are northwest, and 
therefore, should require less heat than the west 
splce It would, therefore, be desirable to segregate 
the east and west spaces into separate zones. 



3. 



The south space will receive more sun effect than the 
others, and therefore, in order to permit a smaller 
amount of steam to be delivered to this portion of 
the building, it should be a zone in itself. 



Where the distribution system is such that zoning into 
four zones cannot be accomplished, the next best arrange- 
ment woutd be to have the north and west spaces a single 
zone and the south and east spaces a separate zone Thus, 
7v,p txvn <;naces which would be most subject to the pre- 
vailing w?nd would be operated to give them heat when 
Se otlieT parts, namely, the south and east portions of 
the building, did not require it. 



Tn the lareer buildings, of course, even one space of the 
K.-nrfin^ ml V have to be sub-divided into more than one 
L"ne aJdThe're'ire a?so' the oddly shaped buildmgs whe^^^^ 
the exDOSure question s not so clean-cut, but the principle 
outUned abov2 for sub-division on the basis of exposure 
should be applied as far as possible. 



ZONING 

The following discussion covers in detail the^actors 
which must be considered for properly zoning a buildmg. 
namely Exposure and Occupancy. 



Exposure 

Of these three factors zoning for exposure, which in- 
cludes wind direction, wind veloc ty, solar rad'ati^on, and 
temperature, is usually the most important. In the ^vent 
that it is not possible to zone strictly in accordance with 
Sposure, due ^to the piping or duct layouts, hen a divi- 
sion should be made to separate those portions of the 
bunding which are subject to the most extreme conditions 
from those portions wiich are subjected to less extreme 
conditions. To explain this more fully, assume that a 
medium sized building located in the northern central por- 
tion of the United SUtes is so arranged that the zoning 
can be accomplished as desired. 



^ Tlirronine of a building on the basis of occupancy is 
of TmporTanc^e in the interest of fuel ^--i-g 

lJf;/^^.a tViP buildine are used for difterent purposes. 
&or rsUnce^ building where part of the 

J^JiMilE may be used as an office, higher temperature will 
be re!5ired in this portion of the building than wil be 
necessary in some other portion which is used for factory 
Purposes Again the question of piping IfVO"* wiH, m 
manv Sses determine what can be done along this line, 
E?t t'^e abmty to segregate those Po^ions of the bmld n| 
that do not require high temperatures will produce a 
worth while steam saving. 



ri««plv akin to the question of occupancy is the ques- 
tion of t^meS. Zoning. The Weatherstat System or fher- 
mostatic Control permits the temperature to be lowered 
zone when that particular zone is unoccupied; for 
nstJnce Xrh^g the night hours. This principle can be 
yitSd where portions of the building are ^""^ 
cS periods ot the day or for certain days in the week. 
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Vertical Zoning 

Zoning with reference to the vertical axis is one phase 

that has not been thoroughly analyzed. From a stand- 
point of economy of operation this may often be highly 
desirable. 

When zoning with this in mind, the distribution system 
again becomes the limiting factor. 

For example, in a building with a large central stair- 
well or other opening throughout its height, a pronounced 
stack effect is found. Thus in the case of tall buildings it 
becomes further necessary to arrange zones one above the 
other, or vertically, to compensate for this stack effect. 
The air, which is heated throughout the height of the 
building, tends to accumulate in and seek exit from the 
top stories of the building. This flue effect causes a re- 
duction in normal infiltration in the upper stories and, of 
course, an increase in the lower stories. If this stack action 
were constant, correction could be made in radiator sizing 
and the usual considerations of exposure and occupancy 
need only to be given to zoning. Since, obviously, the stack 
effect will vary widely with outside temperature and wind 
effect, vertical zoning is the only satisfactory solution to 
proper heat distribution other than individual room control. 

Typical Example 

The following example provides an analysis of a typical 
job requiring zone control. The arrangement of control 
equipment is not covered in this example but is discussed 
in detail on the following pages. 
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The figure above illustrates a two-story industrial build- 
ing measuring 100'x300'. The building is exposed on all 
sides and the long dimension faces north and south. The 
lower floor is divided into three parts, as follows: 

1. The north half is used for heavy factory work. 

2. The eouthwett quarter is used as a store room and warehouse. 

3. The southeast quarter has a garai^e and shipping platform. 

The second floor is divided to provide: 

1. space for general and private offices in the north half. 

2. Facilities for light assembly operations in the south half. 

The building is steam heated with direct radiation 
throughout the factory. A central fan air-conditioning 
system is used to maintain temperature and humidity 
conditions within the office space during both the winter 
heating and summer cooling cycles. Separate heating and 
cooling coils are provided for each of the private offices. 



The application of temperature control equipment to 
this building involves a careful consideration of the zoning 
problem and since the conditions encountered are typical 
in whole or in part with those found in all locations, it 
may be considered as a basic example. 

In considering each of the features involved, it is noted 
that: 

1. In general an industrial building of the type illus- 
trated should be zoned on the basis of occupancy rather 
than exposure. It is interesting to note, however, that in 
this particular instance zoning for occupancy provides in 
addition the maximum beneficial effects of an exposure 
layout. 

2. The ground floor of the building includes a garage 
and shipping platform, a storage space and a section 
devoted to heavy manufacturing operations. The heating 
requirements of each of these sections differ from those 
of the other two and it is therefore advisable to consider 
their control problems separately. Temperatures in the 
storage space seldom need be kept at a level consistent 
with human comfort and the only definite requirement to 
be maintained is that protection be provided against 
freezing. This space therefore should be considered as a 
separate zone controlled by a single thermostat located 
in the storage room and connected directly to an auto- 
matic control valve placed in the steam supply line. 

The garage and shipping platform likewise call for con- 
siderably less heat than is supplied to the sections where 
large numbers of workers are concentrated. However 
frequent cold blasts caused by opening of doors in the 
garage will necessitate heat input in excess of that 
required for the warehouse section. This space should 
therefore be treated as a separate zone and controlled 
independently by a thermostat and steam control valve. 

Heavy factory work provides an opportunity for activity 
on the part of laborers which in itself will prove suffi- 
ciently stimulating to legislate against high temperatures 
in this location. However, precautions must be taken to 
maintain conditions within a reasonable comfort zone and 
as these levels are different from those in the garage and 
warehouse, individual zone control of this area is likewise 
suggested. 

3. On the second floor are the general offices and also 
a section set aside for light assembly work. These areas 
present independent control problems. The workers in the 
light assembly department are seated while carrying on 
the various processes assigned to them and in order to 
provide comfortable working conditions for them, it is 
necessary to maintain temperatures there which are 
higher than those carried in other parts of the factory. 
This, plus the lower heat loss due to exposure, will 
explain the necessity of laying out this section as a 
separate zone. 

4. Since the general office space is heated and cooled 
by a central fan air-conditioning system, its control can- 
not be interconnected with those regulating conditions in 
other sections of the building. Its control problem must 
therefore be separately considered. 

5. Since each private office is provided with separate 
booster heating and cooling coils, provision must be made 
to provide for independent regulation of this equipment 
from the various private office spaces. Each private 
oflfice would therefore become a separate zone. 
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GENERAL APPLICATION 

The Minneapolis-Honeywell Zone Control Systems for 
Apartment aSd Commercial Buildings n?|ybe divided 
broadly into those systems usmg inside thermostats and 
those using outside controllers as the primary controlling 
device The latter systems bear the trade name Weather- 
stat Al^ ough Weatherstats are ideally suited for apart- 
ments and commercial buildings, because of their un^^^^^^^ 
onerating principle, they are covered under a separate 
hSg lather tLn under the type of heating systems in 
the pages which immediately follow. 

Some of the typical systems which follow are based upon 
two DOsiti< n operation of the zone control valves while 
some^Sns are best suited for modulation of the zone 
vaWes Generally speaking, a modulating control is more 
laSacto^ when properly applied than is a two position 

control. , J , 

A two position zone valve opens fully on demand for 
heat from Its paticular zone, thereby permitting maximum 
flow S the heSting medium to be reached and the heating 
system to be "saturated" in a very short time. When the 
zone temperature is satisfied the valve closes thereby 
shutting off fully the flow of heating medium. The modu- 
lating fone valve is typically neither fully open nor fully 
closed, but tends to move between these positions with a 
gradukl action, thereby increasing or decreasing the flo^^ 
of the heating medium in small increments. This latter 
type system it commonly referred to as a continuous flow 

system. i- -a. u 

Two position control has an advantage of simplicity be- 
cause the periodic "saturating" and "robbmg" the heating 
system of heating medium usually presents no problenis 
of distribution. Modulating control, on the other hand, 
requires that careful consideration be given to the matter 
of distribution. The typically throttled flow of heating 
medium may tend to "saturate" some heatmg units, but 
at the same time rob others in the same zone of their pro- 
portionate share, thereby producing uneven heating within 
the zone. 

Two position control has a greater tendency to produce 
overshooting and undershooting of temperature because of 
the lag in the heat output and curtailment following 
thermostat demand for more and less heat respectively. 
An open-closed valve will be open a certain percentage of 
the time for a given heating load condition, but the more 
frequently the valve cycles in producing this net amount 
of valve opening the less will be the tendency of the zone 
temperature to overrun or underrun the thermostat set- 
ting. The Minneapolis-Honeywell heat actuated therm- 
ostats for inside use and the Weatherstat for external 
application permit two position zone control valves to be 
operated with optimum frequency, thus making possible 
results which are far superior to those of any conventional 
thermostat. Their use makes it possible for on-ofT control 
to approach modulating control results as nearly as it is 
possible to do so. 

The on-off valve operation may create sudden changes 
in heating load should most or all of the two position zone 
valves open or close at approximately the same time. 
Thus boiler pressure for example may drop suddenly or 



rise to a dangerous level. If the residual boiler heat is 
"w and therf is a multiplicity of zones or if the zone 
system of heating utilizes only a fraction of the total 
boiler capacity suHden boiler pressure fluctuations are not 
UkeW to occur; any two position zone control job, however, 
should be carefully checked so that if necessary a reverse 
Icting Pressuretrol may be added to operate with one 
several zone valves to provide pressure relief. Frequently 
I program switch is aJded so t^at only one ^o"? valve at 
a timi can open or close with a predetermmed time inter- 
val between valve operations. 

The modulating or continuous flow systems of zone con- 
trol do not require the added precaution agamst sudden 
changes T sujply pressure as for two position systems 
be?rfse of their inherent tendency to increase or decrease 
heat input by small amounts. 

There frequently arises the question of which type of 
zone control from a cost standpoint is best suited ior a 
pa?tici3ar building. Shall it be a Weatherstat System or 
Sn'inside'thermosit application? Shall it bebased upon 
modulating or two position control? lo arrive at ine 
answers ?f these questions the same fundamental rules of 
economic balance should be used as in the case of select- 
ing any mechanical equipment that eoes into a .bmldinj. 
The type, age, and use of a buildmg determines the stand- 
ard in its class and should govern the selection of the 
control system. For example, a building largely used for 
warehousing, upon first thought, may not seem to jiutify 
any expencCture for an automatic control system. How- 
ever as frequently happens, a more thorough mvestiga- 
?ion reveals^that by automatically controlling the heat at 
the lowered temperature permitted in this type of biuld- 
ing, substantial fuel savings are accomplished. It is fur; 
ther revealed that the fully automatic nature of the control 
system has saved man hours and makes it a sound mvest- 
ment. Since the uniformity of temperature is not of para- 
mount importance, however, a two position zone control 
system with rather large zones is no doubt a prooer solu- 
tion If a representative thermostat location for eacn 
zone, such as is usually nossible in large undivided 8i»ces 
is available inside zone t1^le^nostats will midoubtedly serve 
^tisfactorily; otherwise a Weatherstat System should be 
used to avoid inside thermostat location. 

If the building under consideration, however, is a modern 
apartment drawing rent in the higher brackets then the 
use of a modulating or continuous flow zone control sto- 
tem is almost a necessity if the tenants' comfort »8 to be 
eiven the proper consideration— nor is fuel economy less 
of a factor in a building of this tj^e- So much importance 
is attached to tenant comfort by manV apartment and 
office building owners and operators that individual radia- 
tor control valves and in<Uvidual room thermostats are 
used throughout the building. In this instance each room, 
in effect, becomes a zone. 

Apartment buildings, office buildings, hotels, eteetera, 
divided as they are into comparatively small i^its of 
space, should M a general rule use a Weatherstat Zone 
Control System instead of inside thermostato as a iaOa- 
factory key thermostat location is usually impoMible. 
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ZONE CONTROL— Heating Systems 



The systems of zone control described and illustrated 
herein may use plain type thermostats, clock type therm- 
ostats, or a combination of both as the job may require. 
Any zone may by means of a clock tvpe thermostat nave 
its temperature automatically lowered at night and again 
automatically raised in the morning. The several zones 
may thus have separate programming based upon hours of 
occupancy, type of service, etcetera. Where several zones 
have the same program it is often more economical to 
provide a separate clock thermostat in one zone to serve 
as the master day night control for all zones. The regular 
plain type zone thermostats provide daytime or raised 
temperature setting control only while the master clock 
automatically assumes control for the night or standby 
period. 

Any system of zone control may be provided with dual 
or day and night plain type thermostats. This arrange- 
ment further uses a remote time or program switch to 
switch from day to night thermostats and vice versa. 
Thus any zone or group of day and night zone thermostats 
may be programmed remotely. 

STEAM HEATING SYSTEMS 
Key Thermostat Method 

Some buildings are so arranged that an average tem- 
perature for a given heating zone exists at a certain point 
in the zone. If this is the case a zone control system as 
<ho\\Ti in Figure No. 1 may be used. 
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Figure 1 

Here a Room Thermostat is placed in a key location in 
each zone where it controls the Motorized Valve in the 
steam line serving the radiation in the respective zone. 
The Thermostats maintain the zone temperatures at the 
desired level by opening and closing their valves. 

This system usually makes use of two position, i. e. open 
or closed steam valves, although modulating thermostats 
and valves are frequently employed where care is taken 
to see that the steam is evenly distributed by means of 
proper sizing, orifices, etcetra. 

Although only two zones are shown, the system may 
employ as many zones as required and may be pneumatic 
or electric as best fits the particular job. 

Averaging Thermostat Method 

It is usually impractical to control a large zone of heat- 
ing from one inside thermostat as any one thermostat is 
unlikely to be representative of the temperature conditions 
existing in the zone during the heating period. Figure 
No. 2 illustrates an averaging thermostat system which 
is often the proper solution in designing a zone control 
system. 
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Figure 2 



The several thermostats of the averaging system are 
connected together to control the zone valve in such a way 
that the average temperature of the thermostat locations 
is used to govern the heat supplied. 

The averaging control system like the single thermostat 
system shown in Figure No. 1 may be had for two posi- 
tion control, or modulating control. If modulating control 
is used to provide a continuous flow system, here again 
radiator and possibly main orifices should be used to in- 
sure proper steam distribution throughout the zone. 

As many zones like the one illustrated may be used to 
niake up the complete averaging zone control system and 
either electric or pneumatic systems may be installed. 

Radiator Grouping Method 

In arranging a zone for a complete zone control system 
it is often desirable to furnish individual radiator control 
valves all under command of a single zone thermostat as 
shown in Figure No. 3. 
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This arrangement frequently avoids complicated equip- 
ment and piping arrangements necessary to zone a build- 
ing and is commonly used in zoning apartment buildings. 
Since there is no steam distribution problem involved, it 
is desirable to use modulating control equipment wherever 
possible. 

Although only two zones are shown, as many similar 
zones should be provided as required to make up the 
complete automatic temperature control system. 
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HOT WATER HEATING SYSTEMS 

(Gravity Flow) 

In zoning a gravity hot water heating system the same 
considerations of thermosUt location, general arrange- 
m^n etcetera, should be given as for zonmg . a steani 
heating system. The schematic diagram shown in Figure 
?Jo 1 would apply to a gravity hot water mstallation 
Here of course, motorized valves would be selected which 
are designed for water service rather than steam. 

(Forced Circulation) 

Where the heating system is forced hot water a zone 
control svstem of the intermittent flow control type such 
as shown in Figure No. 1 should fp^her propde for the 
control of the circulating pump. Figure No. 4 illustrates 
how this is accomplished. 



-Heating Systems 

Figure No. 5 illustrates a system of zone control applied 
to a forced hot water heating system which provides 
modulated heat and a continuous flow of water. 
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Figure 4 

Here each motorized zone control valve is provided with 
an auxiliary switch. The auxiliary switches are connected 
in parallel to the circulating pump. A call for heat by any 
zone thermostat causes the respective zone valve to open 
and start the circulator. Thus when any number of zone 
valves are open the circulator runs. When all zones are 
up to temperature and all valves are closed the circulator 

shuts down. , * j j-i.- «i 

Two zones are sho\\Ti for illustration only. Additional 

zones should be added where necessary. 



Figure 5 

A modulating zone thermostat in each zone controls its 
respective motorized three way mixing valve mstalled so 
as to proportion the amounts of heated and bypassed water 
flowing to the zone. As the temperature in any zone nses 
to approach the desired level for which the thermostat is 
set, the three way mixing valve starts to close off its hot 
water inlet and admits proportionally more bypass water 
into the supply line to the zone, mien the thermostat in 
any zone is fully satisfied all water flowing to that zone 
will be bypassing the heat source. Thus by varying the 
water temperature in this manner very close regulation of 
the temperature in the zones may be had. Usually it is 
not desirable to allow the circulator to run continuously 
so that each zone three way mixing valve may be pro- 
vided ^^ith an auxiliary switch, as shown, to shut down 
the circulator when all zones are satisfied. 

Two zones are shown for illustration only. Additional 
zones should be added where necessary. . . 

This control arrangement is often used on indirect sys- 
tems where instead of direct radiation each zone is pro- 
vided with a central hot water coil. Each coil heats the 
air which is passed to its respective zone by means of a 
duct svstem and fan. Here the amounts of water flow^ne 
through and around the indirect heating coil are governed 
by the modulating zone thermostat and three way mixing 
valve as required to maintain the desired zone tempera- 
ture. 



ZONE CONTROL— Cooling Systems 



The application of zone control to summer cooling sys- 
tems is dependent upon the same principles as those dis- 
cussed under the analysis of heating systems. 

The factors effecting heat gain are similar to those 
effecting heat loss, and zoning must be provided if these 
effect different portions of the building to varying degrees. 

Heating systems like those discussed above are com- 
monly arranged with a central source of supply from 
which the heating medium is distributed through the en- 
tire building. Zoning during the cooling cycle is, however, 
more commonly accomplished by providing mdependent 
heat exchangers and fan systems for each zone. 

These zone systems are each, in effect, a central fan 
conditioner sening a definite area. The control of these 
individual systems may take any one of a number of forms 
depending upon their size, cooling medium, and construc- 
tion. Variations in these methods of control are discussed 
in deUil under the chapter on "Control of Central Fan 
Cooling Systems," in Section 4. ^. ^ ^ 

Where multiple conditioners are combined for purposes 
of zoning it is frequently possible to co-ordinate many of 
their common functions such as night shut doNvn. mornmg 
pickup, etc., by connecting them to a central panel board 
located in the engineer's office or boiler room. It is also 
poMible to include indicating and recording equipment on 
this panel in order that the conditions mainUined in each 
zone mav be readily checked. 



summer 



Combined zone control systems for both the 
cooling and winter heating cycles may be either: 

Split Systems 

In such systems summer cooling and winter ventilation 
are provided by the same central fan units, but the heat- 
ing load is carried by direct radiation. The control se- 
quence for such arrangements of equipment may be 
selected by combining the features discussed under: 

1. Control of Central Fan Heating Systems (page 
18 to page 32 in Section 4). 

2. Control of Central Fan Cooling Systems (page 32 to 
page 46 in Section 4). 

3. Zone Control for Steam Heating Systems (page 4 m 

Section 6). 

Central Fan Systems 

In this type of system, heating, cooling and ventilation 
are all provided from the same conditioner units, ihe 
control sequence will be based on the principles discussed 

""l^^^Control of Central Fan Heating Systems (page 18 to 

Sge 32 in Section 4). « . / oo ♦ 

ntrol of Central Fan Cooling Systems (page 32 to 

age 46 in Section 4). j • 

ummer- Winter Change r (pages 46 and 46 in 

Section 4). 



2. 

3. 
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Extreme overheating forces tenants to open windows — but any 
overheating wastes fuel dollars. 

The exact metering of steam by the Weatherstat makes available just 
the proper amount of heat to maintain comfortable conditions throughout 
the building. ''Overshooting" and ''Undershooting" of temperatures are 
eliminated. Fuel dollars pay only for the precise number of heat units 
necessary to offset the effect of the changing weather conditions to which 
the building is subjected. 

Uneven temperatures cause the majority of complaints during the 
• winter months. If over-heating occurs — as it frequently does since the 
engineer has a tendency to "play safe" and furnishes more heat than 
is necessary — windows are frequently opened, thus cooUng the building 
down to undesirably low levels. In either case occupants are dissatisfied. 

Desirable temperatures without "overshooting" or "undershooting" can 
be carried automatically at all times when the building is equipped with 
Weatherstat control. Tenants' complaints may be completely eliminated. 

GENERAL APPLICATION 



The Weatherstat is an outside type of thermostat for 
use in controlling temperatures in large buildings or large 
zones where control from an inside thermostat is imprac- 
tical. It is unique in that it reacts to all weather factors 
which affect heat losses from a building or zone. These 
factors are: 

1. Outside temperature. 

2. Wind velocity. 

3. wind direction. 

4. Solar radiation. 

In designing a heating system, it is necessary to provide 
capacity for the most severe conditions which will be 
experienced in the course of the winter. These very severe 
conditions will be experienced only about 5% of the heat- 
ing season. It follows, therefore, that full capacity of the 
heating plant will not be required during 95% of the win- 
ter season. In order to conserve fuel and to maintain 
comfortable temperatures, the operation of the heating 
plant must be controlled. 

To control a large building or zone from an inside ther- 
mostat, it would be necessary to find a so-called "repre- 
sentative location" for the thermostat. It is often impos- 
sible to find such a location because local conditions — for 
example, variations in occupancy, lights, machine loads, 
etc. — influence the thermostat to such a degree that other 
parts of the building will be underheated or overheated, 
depending upon what factors are affecting the thermostat. 

* Trade Mark 



In order to correct overheating, tenants are forced to open 
windows, with an accompanying waste of fuel. If parts of 
the building are underheated, tenants will complain. 

Resultant temperature 

A temperature index known as "outside resultant tem- 
perature" can be arrived at by summing up the effect of 
the four weather factors. For example, the heat losses 
from a building on a cloudy day with a 10 m.p.h. wind 
blowing and a thermometer reading of 15"* above zero may 
be identical with the heat losses from the building on 
another day which is cloudy with no wind and which 
registers 0"* at the thermometer. Under such conditions 
the outside resultant temperature the first day (15** P.) 
would be 0"*, due to the wind effect. 

Design temperature 

For every combination of building and heating plant, 
there is some outside resultant temperature at which the 
heating plant must operate 100% of the time to maintain 
a certain comfortable inside temperature. This outside 
resultant temperature is known as the design tempera- 
ture for the particular combination of building and heat- 
ing plant in question. Every zone in a building may have 
an entirely different design temperature which will depend 
upon its radiation, construction, etc. 
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Determination of heating requirements 

Assume that a building with a design temperature of 
—10° is to be considered. Referring to the accompanying 
chart, select the diagonal line originating at —10 on the 
rieht hand ordinate. This diagonal line shows the rela- 
tionship between the outside resultant temperature and 
the per cent of time during which full capacity of the 
heating system is needed. The chart shows that when the 
outside resultant temperature is 30°, full capacity of the 
heating plant is required only 50% of the time in order 
to keep the space up to the desired temperature; at -0 
no heat will be required; and at —10° 100% capacity is 

required. . , .... 

This chart can be used with any zone or building, no 
matter how large or small, so long as the correct design 
temperature can be determined, because all heat losses 
bear a direct relation to outside resultant temperature. 
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Weatherstat theory 

Consider two buildings not similar in construction or 
size. The large building is heated by 50,000 sq. ft. of radia- 
tion. It is of fire-proof steel construction well insulated. 
The small building is heated by 2,000 sq. ft. of radiation. 
It is of brick and frame construction. The two buildmgs 
are dissimilar in many respects. However, they have one 
thing in common— they both have the same design tem- 
perature — minus lO"". , , , , . i. u -u 

Assume that a thermostat could be located in each build- 
ing controlling each heating plant. 

At +70° outside each building would require no heat. 

At —10° outside each building would require heat 100% 

of the time. ^ , . , rnr/ 

At +30° outside each building would receive heat bOVc 

of the time. 

At any outside condition both buildings would have their 
heating plants operating the same percentage of time. 

Since this is true, it would not be necessary to have a 
thermosUt in each building. The heating plant in the 
large building may be accurately controlled from the 
thermostat in the small building. More than one thermo- 
stat is not needed— because regardless of outside con- 
ditions, both heating plants will operate at the same 
relative capacity. 

This is exactlv what the Weatherstat does! 

Mounted on the outside of the building, the Weatherstat 
may be considered just such a small building as that 
mentioned above. It contains its own thermostat and 
heating plant in the form of an electric heater. 

The design temperature of the WeathersUt is adjust- 
able — it can be varied to just match that of the zone or 
building to be controlled. If the heat source of the build- 
ing and the WeathersUt heater are operated simulUne- 
ou , both at the command of the Weatherstat thermo- 
stat, exactly the correct amount of heat will be n ed 
to the building to offset its heat losses. 



The Weatherstat is^n effect a miniature building. 

The curves in Figs. 2, 3 and 4 (plotted time against 
temperature) show the temperature variations and also 
the leneth of cycles which can be expected with room 
Sermostat control as opposed to Weatherstat control. 

Although the WeathersUt gains and loses heat mucn 
faster thfn the building, it is adjusted to the ^^^"1^^ ^^^^^ 
temperature so that it %vill require heat for the same num- 
ber of minutes in each hour. 




Figure 2 

Fig 2 illustrates the results if an attempt were made to 
control a large building or a large zone from an inside 
thermostat. The curve shows undesirable overshooting 
and '^undershooting" of the control point, which is occa- 
sioned by the thermal lag of the building. Whenever the 
thermosUt calls for heat, there is considerable inertia to 
be overcome and therefore the temperature of the building 
rises very slowly. When the temperature does reach the 
control point, the heating system has been in operation for 
so long that it has stored up more heat in the risers and 
radiation than can readily be dissipated. Therefore, the 
temperature continues to rise and "overshoots. 

Since the temperature also drops very slowly, the result 
is long "on" and "off" cycles with wide temperature 

variation. i. ^ j. i.u 

The WeathersUt gains and loses heat much faster than 
the building. Therefore, the temperature variation of the 
WeathersUt itself appears as shown in the chart below, 
Fig. 3. 




Figure 3 



A building controlled by the WeathersUt has many 
more cycles per hour than a building under the control of 

an inside thermosUt. „r ^ i. 4. i ^« 

Fig. 4 shows the effect of the WeathersUt control on 
the building. The temperature of the building, with its 
slow rate of rise and fall, will not be changed perceptibly 
during the short time of one cycle of the WeathersUt. 




Figure 4 

By shortening the "on" and "off" cycles, exactly the 
same amount of heat can be supplieo to the zone over a 
cerUin period. The risers and radiators, however, will not 
tend to become cold, and very little temperature variation 
will occur in the building. In effect, heat will be furnished 
to the zone at an almost constant rate. 
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TYPES OF WEATHERSTAT SYSTEMS 

Weatherstats find their widest application on large 
buildings which cannot be controlled properly from inside 
thermostats. The flexibility of the Weatherstat makes it 
possible for the instrument to be worked into control 
systems for handling most of the heating systems normally 
found in buildings larger than single family dwellings. 

Very often the Weatherstat can replace an inside ther- 
mostat for controlling directly the operation of the heating 
plant. This can be done with both steam and hot water. 

The Weatherstat can be used for controlling the in- 
dividual steam valves or hot water valves serving the 
various zones on larger buildings where zoning is ad- 
vantageous. For the simpler heating problems, two- posi- 
tion or '*on-off*' control can be used. 

The Weatherstat can be used as the primary control in 
a modulating control system on installations where modu- 
lating or continuous flow is considered to be advantage- 
ous. It offers many advantages over other continuous 
flow systems. 

WEATHERSTAT DIRECT CONTROL SYSTEM 

The Weatherstat Direct Control System is applicable to 
forced hot water, steam, or vapor heating plants fired by 
stoker, oil, or gas burners. It is recommended for forced 
hot water systems equipped with a circulator, flow valves, 
and a separate Aquastat to control the burner and main- 
tain a constant boiler water temperature. Weatherstat 
systems can also be arranged to handle a heating system 
which includes facilities for providing a summer-winter 
supply of domestic hot water. 

The Direct Control System is ideal for buildings too 
large to be satisfactorily controlled from an inside therm- 
ostat but small enough to be controlled as a single zone. 
For example, small apartment buildings, hotels, and clubs 
can all be heated more economically and with greater 
comfort under a Weatherstat Direct Control System. 

This system substitutes the Weatherstat for the con- 
ventional inside thermostat to control the automatic firing 
device. Included in the system are the Weatherstat it- 
self, a Control Panel housing all the necessary accessories, 
and a heater control to regulate the operation of the 
Weatherstat heater. 

^ Figure 6 illustrates schematically the circuit of a 
simple direct control system. The Series 10 Weatherstat 
is connected to the Weatherstat panel and through the 
relays and the manual switch in the panel is connected 
directly to a Series 10 or Series 20 primary control. 
The primary control can be an oil burner relay, a gas 
valve or a stoker relay. The manual switch provides a 
positive "off", a continuous '*on", or places the Weather- 
stat in control of the primary control. The standard limit 
controls are used with the primary control, and their 
selection depends upon the type of burner which is used. 

Power for the Weatherstat heating element is supplied 
by a transformer which is controlled from a "heater 
control." This heater control is mounted in the supply 
riser so that it will react to the heat delivery to the space. 
When the temperature or pressure in the riser indicates 
that the radiators are furnishing heat to the space, the 
heater control closes its circuit and starts heating the 
Weatherstat heater element. 

After the Weatherstat contacts have broken, thereby 
interrupting the operation of the burner, heat will continue 
to be supplied to the radiation for a short time depending 
upon the characteristics of the heatine plant. The heater 
control is capable of sensing this conaition and will con- 
tinue to energize the heater element until heat is no 
longer being dissipated by the radiators. In this way the 
Weatherstat is able to measure every bit of heat which 
is supplied to the space. 

The rheostat is connected in series with the Weather- 
stat heater element. The rheostat dial is calibrated for 
design temperature and is adjusted to match, the design 
temperature of the Weatherstat with that of the building 
which it is controling. 




Figure 5 



Figure 5 is a picture of the standard control panel 
which is a part of all direct control systems. This panel 
provides a central box for wiring, and includes a Weather- 
stat heater transformer, relays, the rheostat, the *'on- 
off-automatic" manual switch, a power switch for inter- 
rupting the current for the entire system, and a pilot 
light to indicate when the heating system is turned on. 

Hot Water Systems 

Very satisfactory results are obtained when the Weath- 
erstat controls directly the circulator on a forced hot 
water heating system. The control arangement is very 
similar to the one illustrated in Figure 6, except that a 
Series 10 relay is substituted for the Series 10 primary 
control. The relay in turn controls the circular motor 
and the primary burner control. ^ 

A low limit control must also be provided for operating 
the burner. This same type of system can be used for 
controlling systems which provide a summer-winter supply 
of domestic hot water. 

Lowered Night Temperature 

Through the addition of a Timeswitch in the panel, 
lowered night temperature can be provided with the 
Weatherstat direct control system. 

At some predetermined time in the evening the time 
switch will turn the burner off so that the Weatherstat 
can no longer operate the burner. When the burner is 
shut off either manually or by the day-nite time switch 
for night shut down, the Weatherstat starts through a 
cooling period in the same manner as the building. These 
off periods are usually much longer than the off periods 
produced by normal cycling of the Weatherstat. The 
Weatherstat consequently cools to a lower level than the 
normal operating temperature which is approximately that 
of the building temperature. When the Weatherstat is 
once more placed on "automatic** or daytime operation, 
it requires an extra long **on" period to heat up to the 
operating daytime range. Thus the extra pickup heating 
required to restore the building temperature is auto- 
matically provided. 

Frequently, an area under Weatherstat control may be 
subjected to an abnormal heat loss condition which would 
cause it to lose heat at a faster rate than the Weatherstat 
during shutdown periods. Under these circumstances the 
Weatherstat pick-up reserve may not be sufficient to re- 
store the building to the normal operating level and an 
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Figure 6 



inside pickup thermostat should be included in the instal- 
lation. WTien the timeswitch or manual valve sv^itch 
places the control system on "automatic" or day opera- 
tion following shut down, the Ide pick-up thermostat 
takes command until a positive restoration of inside build- 
ing temperature is accomnli^ d. Then the Weatherstat 
takes over the controls as before. 

On some installations it may be advantageous to include 
a night low limit thermosUt so that the night temperature 



in the building will not drop below some pre-determined 
point. This can be accomplished through the use o^^^^^ 
standard single pole single throw Snap Actmg Thermostat 
which is wired in parallel with the f imeswitch conta^^^^^^ 
Tn thiq wav v ^ nevor the temperature at night drops 
below the setting of tho ni^ht low limit thermostat, tfce 
circuit to the Weatherstat %snll be completed, and tho 
Weathc ' ' will operate the heating system until the 
night low I t b s satisfied and again breaks its 
circuit. 
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WEATHERSTAT TWO-POSITION ZONE CONTROL 

SYSTEM 

The Weatherstat is very adaptable as a zone control 
system. The Weatherstat is used with a steam valve as 
illustrated in Figure 6. The building is zoned in accord- 
ance with the discussion on pages 2 and 3 of this section, 
and each zone is controlled by its own Weatherstat and 
steam valve system. 

The same attractive control panel as is used in the 
direct system is furnished as a part of each zone installa- 
tion. This panel includes a line switch, a Weatherstat 
heater rheostat, '*On-off -automatic'' manual switch, and a 
pilot light to show when the valve is open 

Zone valves for the Weatherstat system are made up 
of three units — a motor, a linkage, ana a valve body. They 
are of the **on"-**off'' type for the two-position Weather- 
stat. 

The Modutrol Motors used for powering Weatherstat 
zone valves are capacitor type motors with all of their 
gears and moving parts sealed in oil. Oil immersed gears 
insure long quiet service and eliminate the necessity for 
periodic lubrication. 

The linkage used with M-H motorized valves includes a 
valve position indicator. This indicator allows the en- 
gineer to determine at any time whether a particular zone 
valve is closed or open. The linkage is so flexible in its 
design that the same linkage is used for all sizes and 
designs for valve bodies. 

The valve bodies are furnished according to the char- 
acteristics of the service required. Single seated patterns, 
with self-aligning composition discs and bronze bodies, 
are furnished for low pressure steam service. For high 
pressure steam applications, semi-balanced cast iron bodies 
with stainless steel seats are furnished. 

On those systems where lowered night temperature is 
desirable, a similar panel is available which also includes a 
Timeswitch. Both of these panels provide a convenient 
central wiring box and include terminals for making all 
the interconnections between the different pieces of equip- 
ment. One of these standardized panels is necessary for 
each zone. 

If a W^eatherstat zone valve is closed either manually 
or by the day-nite time switch for night shutdown, the 
Weatherstat starts through a cooling period in the same 
manner as the building. These off periods are usually 
much longer than the on periods produced by normal cycl- 
ing of the Weatherstat. The Weatherstat consequently 
cools to a lower level than the normal operating tempera- 
ture which is approximately that of the zone temperature. 
When the Weatherstat is once more placed on "automatic" 
or daj-time operation it requires an extra long "on" period 
to heat up to the operating or daytime range. Thus the 
extra pick-up heating required to restore the zone tem- 
perature is automatically provided. 

Frequently, a Weatherstat zone may be subjecte^i to an 
abnormal heat loss condition which would cause it to lose 
heat at a faster rate than the Weatherstat during shut- 
down periods. Under these circumstances the Weather- 
stat pickup reserve may not be sufficient to restore the 
zone to the normal operating level and an inside pickup 
thermostat should be included in the installation. When 
the time switch or manual valve switch places the control 
system on "automatic" or day operation following shut- 
down, the inside pickup thermostat takes command until 
a positive restoration of inside zone temperature is ac- 
complished. Then the Weatherstat takes over and con- 
trols as before. 



MODULATING WEATHERSTAT ZONE CONTROL 

SYSTEM 

The Modulating Weatherstat Zone Control System is 
used most often on large buildings, and is usually part 
of a zoned system, although small buildings can be treated 
as a single zone. Because of the fact that it is a con- 
tinuous flow system, the steam supply will be throttled 
during mild conditions, and complete orificing of all radi- 
ators is necessary in order to insure proper distribution. 

The Modulating Weatherstat Zone Control System has 
two outstanding advantages over other modulating steam 
control systems. The system includes the Weatherstat as 
the primary controlling unit, and therefore the system 
reacts to all four of the weather factors affecting heat 
losses from the zone: Outside temperature, wind direction, 
wind velocity, and solar radiation. 

The Modulating Weatherstat System also provides for 
"on-off"^ or two position control during mild weather. 
"On-off" control during mild weather insures proper steam 
distribution at those times when most modulating systems 
have difficulty in properly distributing their heating affect, 
even when radiators are carefully orificed. 



Tl 4 A 




» I HIGH VOLTACe WIRING 

Figure 7 

The Modulating Weatherstat System consists of a 
standard Series 10 Weatherstat, a modulating remote-bulb 
temperature controller with its bulb in the outdoor air, a 
modulating steam valve including an auxiliary switch, and 
a panel board which houses a series 10 relay, a valve 
positioning rheostat, a Weatherstat heater rheostat, a 
pilot light, a manual on-off automatic switch, and a trans- 
former. One of these standardized panels is furnished for 
each zone. 

An automatic Timeswitch for lowered night tempera- 
ture can be included in the panel if the additional feature 
is desired. 
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Many home owners have taken advantage of the fact that for very little additional 
expense they may obtain additional comfort and economy through the use of sectional 
hSg Heating systems for homes should be designed with the living quarters and 
sleeD^ng quar ers served bv different branches from the heating plant so that zone 
Sol ma^be applied. Many homes provide for a third branch in order to zone 

the service quarters separately. If the various zones can be^ arranged to have a 
uniform exposure as to outside conditions then the ideal design has been accomplished. 

Most homes having automatic heat with thermostat control of the heating plant 
direct maintain necessarily a constant temperature level in all rooms throughout the 
day. Actually it is usually only necessary to have heat in certain Parts of the home 
ascertain times of the day. The more zones with which a home is provided the more 
nearlv will be the exact temperature, at the right time and place Overheating in one 
section in order to heat another is eliminated and fuel saving is effected if it is possible 
to lower the temperature in certain areas which are not in use or which may not 
require as high a temperature for the particular use. Sectional heating not only pro- 
motes economy but adds greatly to the comfort and well being of the occupants. 



GENERAL APPLICATION 

Some of the typical zone control systems which follow 
are the two position type while others lend themselves 
better to modulating control equipment. Generally speak- 
ing a modulating control system gives better performance 
in the uniform control of temperature than a two position 
control system. 

A two position zone control system alternately admits 
maximum and minimum heat output to its zones. The 
modulating system is typically in neither the niaximum or 
minimum heat delivery positions, but tends to deliver heat 
in amount somewhere between these positions with con- 
tinuous flow and with small increments of change in out- 
put. Since two position control operates successively be- 
tween maximum and zero supply pressure of the heating 
medium, there is usually no tendency of the heat output 
to favor some heating units or outlets at the expense of 
others. A modulating control zone may have this tendency 
of uneven heat distribution within a zone if proper pre- 
caution is not taken to balance delivery during periods of 
reduced pressure. 

The tendency for uneven distribution is pronounced in 
modulating systems which rely on volume control of the 
heating medium at constant temperature. A modulating 
zone control system which can vary the temperature of 
the heating medium delivered at constant volume largely 
overcomes this distribution problem. A three-way zone 
mixing valve proportioning the flow of hot and cold water 
delivered to a hot water heating zone is a t>T)ical example 
of the latter t\T)e of system; an automatic mixing damper 
blending warm and cooler air quantities to a warm air 
heating zone is another example of a constant volume 
delivery or a variable delivery temperature zone control 
system. 

A straight through zone control valve on the steam 
supply line to a heating zone or a control damper in the 
air supply duct of a warm air heating system are tjTpical 
examples' of the first mentioned variable volume or con- 
stant temperature zone control system. 

Care should always be taken to be certain that several 
or all zones calling' for more or less heat simultaneously 
do not create too sudden a change in heating demand. 
Thus, for example, furnace temperture or boiler pressure 
may build up to an excessive point should several or all 
zones become satisfied at the same time. This condition 
often requires that one or several zones be made to auto- 
matically r ' e the excessive pressure or temperature 
through valve or damper operation from a rev» ^ acting 
Pressuretrol or Airstat. 



dulating zone control systems do not have as much 
tendency to overshoot or und hoot the d d room 
temperature as do two position control systems. This is 
obvious when we consider that under two position control 
a heating unit will continue to g off stored up heat to 



a space after the flow of heating medium is stopped and 
that there will be a lag in the opposite direction when the 
flow of heating medium is resumed due to the initial 
heating of the heating units and the supply branches be- 
fore the space temperature starts to rise. Modulating con- 
trol on the other hand raises and lowers a heating unit or 
supply air temperature with gradual action, thereby re- 
ducing any tendency to overshoot or **hunt" to a minimum. 
The average temperature of the heating units or supply 
air will be the same for both modulating and two position 
control on otherwise identical systems for a given load 
condition. The temperature curve will be fluctuating in the 
case of the latter while it will be, practically spealung, 
straight line along the average in the case of modulating 
control. 

It will be apparent, therefore, that two position control 
could be made to approach the results of modulating con- 
trol only if the zone valves are opened and closed with 
sufliicient frequency to produce a gradual change in^ heat- 
ing unit or supply air temperature. Usually this is im- 
practicable so that where job conditions make modulat- 
ing control, either economically or otherwise, impossible 
the zone thermostats should be Minneapolis-Hone>nvell 
heat actuated type so that zone valves will be cycled with 
optimum frequency. 

STEAM HEATING SYSTEMS 

The control system shown in Figure No. 1 is designed to 
( ontrol a two-zone steam heating system. As many similar 
zones may be added as necessary. 

A Room ThermosUt is placed at the location in each 
zone where it wnll be subjected to the average temperature 
in that zone. The Thermostats maintain the temDerature 
at the desired level by opening and closing Motorized 
Valves in the steam supply to their respective zones. 
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Figure 1 
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A Lo-Water Cutoff and a Pressuretrol should be in- 
cluded in this system to shut off the burner in the event 
of low water or excessive pressure in the boiler. 

A Low Limit Immersion Aquastat is frequently used to 
maintain the boiler water temperature close to the steam- 
ing point. This control permits more accurate regulation 
of the room temperatures, especially during mild weather, 
by reducing the delay in the generation of steam after 
the opening of one of the zone valves. It also provides for 
a minimum water temperature so that a '*below the water 
line" heater can be used for domestic hot water. 

Where zone valves are installed on systems that pull a 
vacuum in the returns, care should be exercised to pre- 
vent any possibility of an excessive amount of water leav- 
ing the boiler through the return lines when the zone 
valves close. This may be accomplished by means of auto- 
matic return traps. A Hartford return connection is 
recommended as a safeguard against this hazard. If 
return line check valves are depended upon to avoid this 
hazard, be sure that each separate zone return line is 
provided with a check valve, and not merely the single 
common return line to the boiler. 

HOT WATER SYSTEMS 
(Gravity) 

The Control System shown in Figure No. 2 is a typical 
Zone Control arrangement for a gravity hot water heat- 
ing system. As many zones like the two shown may be 
used as required. 

The Motorized Flow Valve is installed in the hot water 
supply riser feeding the zone, and allows hot water to flow 
into the zone only when it is opened under command of 
the Room Thermostat. 

Each motorized valve is equipped with an auxiliary 
switch which closes a circuit and starts the burner when 
the valve reaches the open position. The burner may be 
started by the opening of either valve, and it will con- 
tinue to run only as long as either valve is open. 



□ 



ZONE I 
THERMOSTAT 



RADIATORS 

/ \ 



ZONE 2 
HERMOSTAT 



COMPENSATED 
BOILER CONTROLLEftt 



f 



OUT- 
DOOR 
BULB 



BURNEf) 

OR 
STOKER 



HOT 
WATER 
BOILER 




Figure 2 

Lowered night temperature may be obtained in any one 
or more zones if desired by substituting a clock type 
Thermostat for the plain Thermostats shown in the illus- 
tration. 

The compensated hot water controller is installed with 
control bulb in the boiler water and the reset bulb out of 
doors. As the outside temperature drops through a pre- 
determined range the boiler control point setting is raised 
through a corresponding predetermined range. Thus the 
boiler water temperature is maintained at just the right 
level to carry the heating load measured by the outdoor 
bulb. If the burner is to be used for furnishing domestic 
hot water the year around a boiler aquastat may be used 
to maintain a constant boiler temperature in place of the 
compensated boiler controller. 



(Forced Flow) 

A t>T)ical forced hot water zone control system is shown 
in Figure No. 3. This system is similar to the control 
system illustrated for the gravity hot water control sys- 
tem in Figure No. 2 except that auxiliary switches are 
furnished with each motorized Flow Valve and wired in 
parallel to the circulating pump. As many zones as re- 
quired like the two shown may be used. 

As long as any one of the zone control valves are open 
the circulator will run. When all thermostats are satisfied, 
i. e. all zone valves closed, the circulator will shut down. 

ZONE I 

THERMOSTAT 




Figure 3 

Boiler water temperature is varied through some pre- 
determined range with relation to the outside tempera- 
ture by means of the compensated boiler controller as 
described for the gravity hot water system. If the burner 
is to be used for furnishing domestic hot water the year 
around a boiler aquastat may be used to maintain a con- 
stant boiler temperature in place of the compensated 
boiler controller. 

Figure No. 4 illustrates an excellent system of zone 
control for a forced hot water heating system. Such a 
system has the advantage of a continuous flow of water 
at variable t emuexature during heating demand. 

ZONE I — i— — ► 
THERMOSTAT 



9 

L 



D 



ZONE 2 
THERMOSTAT 



COMPENSATED 
BOILER CONTR0 LLEr| 



BURNER 

OR 
STOKER 



HOT 
WATER 
BOILER 




ZONE a-WAY 
MIXING 
VALVES 




IjClR CULATOR 





OUT- 
DOOR 
BUL- 

Figure 4 

A modulating zone thermostat operates a proportioning 
three-way mixing valve with inlets from the boiler supply 
line and from the boiler bypass or return Ifne. The outlet 
is connected to the hot water supply line to the zone. 
Thus under demand from the zone thermostat the modulat- 
ing three-way valve proportions the relative amounts of 
water flowing through and around the boiler as required to 
deliver water at the proper temperature necessary to main- 
tain the desired zone temperature. 

Zone three-way mixing valves are provided with auxili- 
ary switches connected in parallel to the circulator. When 
all zones temperatures are satisfied, that is, when all water 
is bj^assing the boiler the circulator will shut down. 

Primary control of the boiler may be the same as for 
the previous systems. 
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FORCED WARM AIR HEATING SYSTEMS 

(&) Volume Damper Zone Control 

Fitrure No. 5 shows a simple zone control system for 
regiifat^ng room temperature where a warm a.r heatmg 
system is used. 
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Figure 5 

Controls required for the first zone consist of a room 
thermostat, zone damper motor with operating linkage, 
and a power box to house the motor transformers and 
termfna^i block for wiring connections The power box is 
equipped to serve four zones. Additional zones require 
only a thermostat and damper motor unless there are 
more tnan four zones to be controlled. 

The operation of the system is such that when any zone 
requires heat, the motorized damper in that zone supply 
duct is opened at the command of the thermostat and at 
the same time an auxiliary switch on the damper motor 
is closed completing the circuit, through the PONver box 
to the burner and blower. The primary controls for the 
burner are not shoNSTi. However, the ^^^^ ^^^^rols will 
work satisfactorily with any of the standard primary 
control systems. 

A Safety High Limit Control should always be used to 
prevent excessive temperature in the bonnet. 

In a zone control system of this type it is ^usually de- 
sirable to make one of the zones a "relief zone . 

During normal operation of the heating system it fre- 
quently happens that all zone dampers close at approxi- 
mately the same time. With circulation completely shut 
off, the bonnet temperature may build up to an excessive 
point unless one of the zone dampers is opened to relieve 
the overheated air. The relief zone controls consist of the 
usual thermostat and damper motor and in addition, a 
reverse acting limit control in the furnace bonnet, inis 
control opens the zone damper, even though the zone 
thermostat is not calling for heat, if the bonnet tempera- 
ture exceeds a predetermined high limit. When this occurs 
the high limit control wired into the primary control 
circuit, being set at a lower point, prevents the burner 
from operating even though the zone damper is open. 

(b) Direct Mixing Damper Zone Control 

The volume damper control system described above, 
while effective in controlling temperatures, has certain 
fundamental limitations. For example, if a group of 
people were collected in the ''living zone" the body heat 
and lights would tend to reduce the heating requirements 
and the volume damper would close. This occurs when this 
particular zone would most require the air motion of an 
open damper in order to remove smoke and odors. 



Further if only one zone damper of a multiple zone sys- 
tem is open all the available air tends to.be Pushed by the 
fan into that zone which may result m drafts and an 
objectionable amount of noise. 
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Figure 6 

Figure No. 6 illustrates a system of zone control applied 
to a forced warm air heating plant which overcomes the 
limitations of the volume damper control system by vary- 
ng the heat input to the zones by means of changing the 
temperature of a constant volume of delivered air. Any 
number of zones similar to the two illustrated may be 
used to make up the complete control system. The system 
operates as follows: 

A modulating thermostat in each zone controls a motor 
operated mixing damper with graduate action. In this 
manner warm air and bvpass air are mixed in the exact 
proportion and deliverea to the zone at just the right 
temperature to offset the heat loss from the zone. 

The compensated bonnet temperature controller deter- 
mines the temperature of the air leaving the funiace ac- 
cording to the outdoor temperature and operates the 
burner accordingly. 

A clock type thermostat may be used as a master con- 
trol to shut off the burner and fan at night and auto- 
matically place them in operation in the rjoming. Should 
Se temperature drop to the lowered standby temperature 
setting during the night the burner and fan will operate 
only as needed to maintain the lower temperature. 

Cut out switches in each zone permit shutting off the 
heat to any zone but not the air circulation. Individual 
outlet dampers should be installed where it is desirable 
to shut off air circulation manually. 

A reverse acting high limit control should be instelled 
to stirt the fan in the event of excessively hieh bonnet 
temperature thereby dissipating excess heat which may 
otherwise damage the furnace. 

(c) Indirect MixinR Damper Zone Control 

Fiirure No. 7 illustrates a system of zoned forced warm 
air heatine which operates in the same manner as the sys- 
?;m in Figu?e No. 6 except th^t th^heated a.r is 

furnished by an indirect heating coil and hot water or 
111 boiler. 

The boiler control is a Pressuretrol or an Aquastat for 
steam or hot water respectively and operates the burner 
to maintain a predetermined pressure or boiler water 
temperature. 
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A master clock thermostat is used to operate the fan 
and burner only during the night stand-by period as in the 
foregoing system. Any number of zones similar to the 
two illustrated may be used to make up the complete con- 
trol system. 
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Figure 7 



The warm air heating zone control systems described 
above, it will be seen, will provide modulated heat delivery 
only as long as the air circulating fans are on. If the fan 
of any of these systems is operated intermittently then 
ventilation, that is air motion and outdoor air supply, as 
well as heat supply, becomes intermittent also and much 
of the advantage of this tyj>e of system is lost. 

The practice in commercial and public buildings is to 
operate fans of heating and ventilating systems contin- 
uously and the results have proven satisfactory. These 
systems, of course, are designed for constant fan opera- 
tion so that they will deliver warm air during heating 
periods or unheated air during ventilating or cooling 
periods with equal satisfaction. If a forced warm air heat- 
ing plant has been desigxied for intermittent fan opera- 
tion so that air is circulated only while heated, smaller 
ducts and higher air velocities are permissible without 
producing drafts. Obviously such a system could not be 
placed on constant fan operation without redesigning and 
rebuilding. Careful thought would have to be given to the 
volume, velocitv and temperature of the air delivered — 
also the method of air delivery and diffusion — so that the 
discomforts of a poorly designed system are avoided. 

It is recommended, therefore, that full advantage be 
taken of the possibilities of the continuous fan zoned 
forced warm air heating system by designing so that low 
temperature air may be delivered during periods when no 
heat or cooling is required without objectionable drafts. 
Such a system (1) provides an uninterrupted supply of 
outdoor air, (2) prevents cold air stratification at the 
floor, (3) produces more uniformly comfortable tempera- 
tures and (4) provides continuous positive pressure which 
retards heat loss and aids air diffusion. 



MASTER CLOCK CONTROL 

The systems of zone control described and illustratea 
herein may use plain type thermostats, clock type therm- 
ostats, or a combination of both as the job may require. 
Any zone may by means of a clock type thermostat have 
its temperature automatically lowered at night and again 
automatically raised in the morning. The several zones 
may thus have separate programming based upon hours 
of occupancy, type of service, etcetera. Where several 
zones have the same program it is often more economical 
to provide a separate clock thermostat in one zone to 
serve as the master day night control for all zones. The 
regular plain type zone thermostats provide daytime or 
raised temperature setting control only while the master 
clock automatically assumes control for the night or stand- 
by period. 

Any system of zone control may be provided with dual 
or day and night plain type thermostats. This arrange- 
ment further uses a remote time or program switch to 
switch from day to night thermostats and vice versa. 
Thus any zone or group of day and night zone thermostats 
may be programmed remotely. 

BURNER CONTROL 

A system of zone control produces a variable load upon 
the boiler or furnace, whichever is used to furnish heat. 
This load may vary quite gradually because of a modulat- 
ing zone control system or because of the multiplicity of 
two position control zones. On the other hand, a system 
consisting of only several two position zones is likely to 
produce sudden and large demands for change in boiler 
or furnace heat output. 

It is desirable to maintain a constant boiler or furnace 
temperature independent of the zone control system so 
that heat will be available in the proper amount when re- 
quired. Obviously the best results are obtained if the 
boiler heat input is modulated. Modulating burner control 
allows for a variable heat input which may balance out 
any load condition imposed by the zone control system. 

The storage capacity of a furnace or boiler is an im- 
portant consideration in the matter of selecting the 
burner control. If the heating plant has very little storage 
capacity it would be difficult to maintain a constant heat- 
ing plant temperature under widely varying load demands 
from a system of zone control, with on-off or high-low 
burner control. The burner would cycle between 100% 
and minimum input in an attempt to balance a typical 
intermediate load condition produced by the zone control. 
The result would be too frequent burner operations caus- 
ing loss of combustion efficiency and excessive wear on 
the equipment. 

Short cycling of the burner may be substantially re- 
duced if the boiler or furnace has comparatively large 
heat storage capacity. A larger storage capacity, how- 
ever, may introduce the problem of creating excessive 
build-up in temperature due to rather sudden call for 
reduction in heat output by the zone control as discussed 
previously. 

Since modulating burner control is more flexible in its 
application than on-off control it is particularly recom- 
mended on heating plants used with a system of zone 
control. 
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The following sample specifications have been written 
and arranged so that a complete Temperature Control 
Specification can be prepared with a minimum of effort. 
The wording of many of the sections can be identical from 
iob to job. The only changes ordinarily necessary are the 
Sequence of Control and the Scope of the temperature 
control work. 

The specifications are divided into three divisions, the 
first covering pneumatic control, the second covermg 
electric equipment and the third describes "Sequences of 
Control" for both pneumatic and electric systems. For 
combined electric and pneumatic installations, suitable 
paragraphs from both sets of sample specifications can be 
selected and combined. 

A complete specification will include the following: 
Scope— The Scope will be varied to fit the sequence and 
mechanical equipment of each job. 

Service and Guarantee — In general the paragraphs as 
shown will be satisfactory. Occasionally it may be neces- 
sary to vary the clauses for special jobs. 

Air Piping — Should be included in any pneumatic, or 
combined electric-pneumatic specification. 
Electric Wiring — Clauses covering Electric Wiring for 
pneumatic jobs will differ slightly from those used in 
electric control specifications. A proper paragraph should 
be included in any specification. 

Installation of Valves and Dampers— The clauses covering 
valve and damper installation can usually be used as shown. 
Drawings and Lavouts— Occasionally the Drawings and 
Layout paragraphs will not be satisfactory as written and 
will have to be revised. 

Control Instruments— The items listed under this heading 
will be different for electric and pneumatic work. Only 
those items which are to be used on the job should be 
included. 

Sequence of Control — The sequence of control must of 
course be written to fit each individual job. Several samples 
covering typical sequences for various types of jobs are 
included to be used as patterns. The "Sequence of Control" 
as shown for the Weatherstat, Unit Heater, and Zone 
Control Systems include specifications on the equipment 
to be used so that no separate "Control Instrument" 
paragraphs are necessary. 



This specification is intended to cover equipment for the 
automatic temperature and humidity control of : 

Sample #1 (Varies with each job) 

-Main conditioned air supply fan vdth wetted coil 
washer, silica jell units, and mixing dampers for 
three (3) zones together with reheater coils. 
B — Three (3) zone booster fans. 
C — Direct radiation control. 

Sample #2 

A Room and auditorium unit ventilator. 

B Direct radiation in rooms and halls. 

C — Exhaust dampers. 

Service and Guarantee 

The control system herein specified shall be free from 
defects in workmanship and material under normal use 
and service. If within twelve (12) months from date of 
acceptance by the engineer any of the equipment herein 
described is proved to be defective in workmanship or 
material it will be replaced or repaired free of charge. 

The contractor shall, after completion of the original 
test of the installation and acceptance by the engineer, 
provide any service incidental to the proper performance 
of the temperature control system under guarantees out- 
lined above for the period of one (1) year. 

After completion of the installation the automatic con- 
trol contractor shall regulate and adjust all thermostats, 
control valves, motors, and other equipment provided 
under his contract. He shall place them in complete 
operating condition subject to the approval of the engineer. 

Air Piping 

Compressed air piping throughout shall be of galvanized 
steel pipe or seamless copper tubing, as installation con- 
ditions require. It shall be concealed wherever possible, 
properly supported, and installed in a neat and workman- 
like manner throughout. 

Suitable drip-legs and drains shall be installed at all 
necessary points in order to prevent condensation pockets. 

The entire piping system shall be tested by placing it 
under 30 lbs. pr< ire for 24 hours. The pressure drop 
during this period shall not exceed 10 lbs. 



AUTOMATIC TEMPERATURE CONTROL 

SPECIFICATIONS 

(Typical Pneumatic Specifications) 

Scope 

The sub-contractor under this heading shall furnish all 
labor, materials, equipment and services necessary for the 
proper installation of a system of automatic temperature 
control. 

Temperature control equipment shall be manufactured 
by Minneapolis-Honeywell Regulator Company or equal 
approved by the engineer. 



Electric Wiring 

All wiring in connection with the temperature control 
system shall be furnished by the electrical contractor as 
included under the electrical specifications. 

Installation of Valves and Dampers 

All automatic control valves shall be furnished by the 
rature control manufacturer and installed under his 
supervision by the Heating Contractor. All automatic con- 
trol dampers shall be furnished by the temperature control 
manufacturer, and installed under his supervision by the 
Sheet Metal Contractor. 
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Drawings and Layouts 

Upon completion of the work, the contractor shall 
provide diagrammatic layouts of the automatic control 
systems specified herein. Layouts shall show all control 
equipment, and the function of each item shall be indi- 
cated for the different seasons. 

Temperature Control Contractor shall submit to the 
engineer for approval, a shop drawing of the entire control 
system before starting work. 

Control Instruments 

1. Room Thermostats — All room thermostats shall be of 
the graduate type capable of positioning valves or dampers 
in intermediate positions. Wherever positive-acting equip- 
ment is re(]uired, it shall be so stated in the body of the 
specifications. Thermotsats shall be of the non-bleed type 
so that no air shall be used except when a valve or damper 
is being moved from one position to another. All thermo- 
stats shall be equipped with a vapor-tension type of 
sensitive element, adjustable differential mechanism, and 
shall be capable of operating on a change of plus-or-minus 
1** F. at the thermostat location. Where required, thermo- 
stats with special characteristics shall be furnished. 
Thermostats shall be finished as required, and shall be 
equipped with red reading thermometer and lock-type 
adjustments. 

2. Insertion Thermostats — All insertion thermostats 
shall be similar in design to Room-type instruments 
except they shall be equipped with remote bulb sensitive 
elements connected to the instrument by not less than five 
feet of capilliary tubing. They shall have either external 
or lock-type adjustments, visible scales, and shall be pro- 
vided with necessary gauges to indicate branch and main 
line pressures. 

3. Thermometers — Remote bulb type red reading ther- 
mometers shall be furnished for each insertion thermostat 
location and the bulbs mounted adjacent to the bulb of the 
insertion thermostat. Thermometers shall have a range of 
minus 20 to ISO"* Fahrenheit. There shall be not less than 
4 feet of capilliary tubing connecting the thermometer 
bulb to the thermometer case and the head of the ther- 
mometer shall be adjustable for easy reading. 

4. Humid-U-Stats — All room-type Humid-U-Stats shall 
be similar in design and appearance to the room thermo- 
stats. They shall be actuated by a human hair element, 
have lock-type adjustments and temperature compensation. 
Insertion-type Humid-U-Stats shall be equipped with 
necessary gauges to indicate the main and branch line 
pressures. 

5. Damper and Valve Motors 

Option #1 — Damper motors and valves shall be either 
normally open or normally closed, as specified, to provide 
the proper sequence of operation. They shall be of ample 
capacity to handle the required load under all conditions. 

Option #2 — Damper motors and valves shall be either 
normally open or normally closed, as specified, to provide 
the proper sequence of operation. The damper motor power 



units shall be composition bellows with low reversal loss. 
They shall have ample capacity to handle the required 
load under all conditions. 

Coil valves shall be equipped with characterized Vee- 
port throttling guides, and a positive positioning device. 
Valves three inches in size and smaller shall be powered 
with composition bellows motors and shall have replaceable 
composition valve discs. 

Valves and damper motors shall be as manufactured by 
Minneapolis-Honeywell or approved equal. 

6. Relays and Miscellaneous Items — Necessary relays of 
the positive and gradual-acting type shall be furnished 
and installed as required for the successful operation of 
the system. 

All switches shall be of the lever-indicating type, with 
indicating plates designating the function of each switch. 

Satisfactory moisture condenser shall be provided of 
either the air-cooled or water-cooled type with trap, as 
approved by the engineer. 

7. Static Pressure Regulator — The static pressure regu- 
lator shall have an adjustable range of at least 0 to T 
water column and an adjustable differential range of .15" 
to .75" water column. The unit shall be sensitive to 
minute changes in pressure. 

8. Posit ive Positioning Devices — All automatic control 
valves and damper motors for the fan systems shall be 
equipped with non-leaking type of positive positioning 
device, which shall make available the full power of the 
diaphragm motor in both directions so as to produce the 
exact position of valve or damper demanded by the con- 
troller regardless of external forces, such as air velocity, 
pressure, friction, etc. They shall be adjustable for 
sequence operation when required. 

The positive-positioning device must react to both con- 
troller branch-line pressure and valve or damper position. 
It shall be the Gradutrol Relay as manufactured by the 
Minneapolis-Honeywell Regulator Company or approved 
equal. 

9. Dampers — Dampers shall be of the louvre-type with 
black enamel finish equipped with brass bearings (or ball 
bearings) to permit free operation. Blades shall be not 
more than 10" in width nor less than 16 gauge, and frame 
shall be of welded channel iron. Dampers with either 
dimension under 18" may have strap iron frames. 

10. Volume Dampers (Vol-U-Trol Dampers) 

The Volume Control Dampers shall be specially curved 
double blade dampers hinged at the top and bottom, and 
capable of maintaining a constant air velocity through 
the outlet grills at 25% through 100 7o capacity when a 
constant static pressure is maintained in the supply ducts. 
They shall be Vol-U-Trol Dampers as manufactured by 
Minneapolis-Honey^vell or approved equal. 

11. Air Compressor — Furnish and install where indicated 
on the plans an air compressor which shall be operated by 
an electric motor of not less than — H.P and an air 
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delivery of not less than — cubic feet per minute. Com- 
pressor shall be equipped with — gallon tank, pressure 
reducing valve, filters, gauges and automatic starter. 

Sequence of Control 

(Varies with the job. Samples will be found toward 

the rear of this section). 

AUTOMATIC TEMPERATURE CONTROL 

SPECIFICATIONS 

(Typical Electric Specifications) 

Scope 

The sub-contractor under this heading shall furnish all 
labor, materials, equipment and services necessary for the 
proper installation of a system of automatic temperature 
control. 

Temperature control equipment shall be manufactured 
by Minneapolis-Hone>-vvell Regulator Company or equal 
approved by the engineer. 

This specification is intended to cover equipment for the 
automatic temperature and humidity control of: 

Sample #1 (Varies with each job) 

A — Main conditioned air supply fan with wetted coil 
washer, silica jell units, and mixing dampers for 
three (3) zones together with reheater coils. 

B — Three (3) zone booster fans. 
C — Direct radiation control. 

Sample #2 

A — Room and auditorium unit ventilators. 
B — Direct radiation in rooms and halls. 
C — Exhaust dampers. 

Service and Guarantee 

The control system herein specified shall be free from 
defects in workmanship and material under normal use 
and service. If within twelve (12) months from date of 
acceptance by the engineer any of the equipment herein 
described is proved to be defective in workmanship or 
material it will be replaced or repaired free of charge. 

The contractor shall, after completion of the origrinal 
test of the installation and acceptance by the engineer, 
provide any service incidental to the proper performance 
of the temperature control system under gxiarantees out- 
lined above for the period of one (1) year. 

After completion of the installation the automatic con- 
trol contractor shall regulate and adjust all thermostats, 
control valves, motors, and other equipment provided 
under his contract. He shall place them in complete oper- 
ating condition subject to the approval of the engineer. 

Electric Wiring 

All line voltage wiring for the control system shall be 
in accordance with the specifications under the electrical 
section and shall comply with the National Electrical Code. 



Low voltage wiring shall be installed in conduit (lead 
covered cable, or exposed). 

Installation of Valves and Dampers 

All automatic control valves shall be furnished by the 
temperature control manufacturer and installed under his 
supervision by the Heating Contractor. All automatic 
control dampers shall be furnished by the temperature 
control manufacturer, and installed under his supervision 
by the Sheet Metal Contractor. 

Drawings and Layouts 

Upon completion of the work, contractor shall provide 
diagrammatic layouts of the automatic control systems 
specified herein. Layouts shall show all control equipment, 
and the function of each item shall be indicated for the 
different seasons. 

Temperature Control Contractor shall submit to the 
engineer for approval, a shop drawing of the entire control 
system before starting work. 

Control Instruments 

1. Room Thermostats — All Room Thermostats shall 
be of the potentiometer modulating type unless other- 
wise specified. They shall have vapor filled temperature 
elements, and shall be furnished with red reading ther- 
mometers. Two position thermostats may be either vapor 
or bi-metal actuated with either mercury switch or open 
contacts. 

Thermostats shall all be furnished with lock type adjust- 
ments and shall be finished as approved by the architect. 

2. Insertion Thermostats — Insertion Thermostats shall 
have vapor filled flexible elements not less than five feet 
in length. They shall be potentiometer modulating type 
controllers unless otherwise specified. Two-position con- 
trollers shall be of the mercury switch or open contact 
type. They shall have visible scales with lock-type ad- 
justments. 

3. Humidity Controllers — All Humidity Controllers shall 
include human hair elements and lock type adjustments. 
They shall have an adjustable range of no less than 20% 
to 807c R.H, and a minimum differential of 2% R.H. 

4. Damper Motors — All power units shall be capacitor 
type with oil immersed gear trains. They shall be the 
modulating type unless otherwise specified. They shall 
have ample capacity to handle the required load under all 
conditions. 

6. Motorized Valves — Motorized valves shall have capac- 
itor type power units with oil immersed gear trains. The 
valve linkage shall have a valve lift adjustment and an 
indicator to show the valve position. Valve bodies under 
three inches in size shall be bronze with renewable com- 
position discs and Vee-port guides. Valves larger than 
three inches shall have cast iron bodies, characterized 
Vee-port guides, and bronze trim. 

All valves shall provide modulating action unless other- 
wise specified. 
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6. Automatic Radiator Valves — Radiator valves shall 
have shaded pole induction type power units, renewable 
composition discs, and packless seal construction. They 
shall be angle, straight-thru offset, or straight-thru non- 
offset patterns as required. They shall be provided with 
a means for manual operation in case of power failure. 

7. Relays and Switches — All necessary relays shall be 
installed as required for the successful operation of the 
system. 

All switches shall include suitable indicating plates. 

8. Dampers — Dampers shall be of the louvre-type with 
black enamel finish equipped with brass bearings (or ball 
bearings) to permit free operation. Blades shall be not 
more than 10" in width or less than 16 gauge, and frame 
shall be of welded channel iron. Dampers with either 
dimension under 18" may have strap iron frames. 

9. Volume Control Dampers — Volume Dampers shall be 
specially curved double blade dampers hinged at the top 
and bottom capable of maintaining a constant air velocity 
through the outlet grills at 25% through 100% capacity 
when a constant static pressure is maintained in the supply 
ducts. They shall be Vol-U-Trol Dampers as manufactured 
by Minneapolis-Hone>^vell or approved equal. 

Sequence of Control 
Varies with the job. Samples of various sequences follow. 



room unit ventilators shall be installed as shown on 
the plans to provide the following sequence. When the 
room temperature is below the setting of the thermo- 
stat the coil valve shall be in a wide open position and 
the intake dampers positioned to use 100% recircu- 
lated air. As the room temperature rises the radiator 
valve shall first close. On an additional rise in room 
temperature the fresh air damper shall start to admit 
fresh air, moving toward the 100% fresh air position 
as the room temperature continues to rise. When the 
intake dampers have reached a position corresponding 
to the use of 75% fresh air the unit coil valve shall 
start to close and shall assume the tight closed position 
shortly after the mixing damper has repositioned itself 
to use 100% fresh air. At times when the unit is 
serving a ventilating function only, an air stream 
controller located below the unit just above the fan dis- 
charge shall reposition the intake damper to maintain 
a constant temperature of air entering the steam coil. 

Air Conditioning Systems 
(Sequence of Control) 

The two samples of Sequence of Control below, describe 
two typical control systems shown on pages 18 thru 44 in 
Section IV. Similar sequences can be readily worked up 
from the description of the other standard control systems. 



SEQUENCE OF CONTROL 
Schoolhouse Control 

1. Split System (M-H-R No. 2) 

Room thermostats and radiator valves shall be installed 
as indicated on the plans for the control of direct 
radiation in corridors and toilets. Room thermostats, 
unit ventilator control equipment, and radiator valves 
on direct radiation shall be installed in class rooms as 
indicated on the plans, to provide the following 
sequence. When the room temperature is below the 
setting of the thermostat, the coil and radiator valves 
shall be wide open and the fresh air damper closed. As 
the room temperature rises the fresh air damper shall 
go to a predetermined minimum open position and the 
radiator valve shall close. On a continued rise the valve 
shall gradually move to a closed position. The fresh air 
damper shall remain in the minimum open position 
until the unit valve is closed. On a further rise in 
temperature the fresh air damper shall move to an 
open position to provide fresh air for cooling. During 
the periods when the unit is providing a ventilating 
function only, an air stream controller located above 
the coil shall operate the unit valve and fresh air 
damper to mamtain predetermined minimum discharge 
temperature. 

2. Unit Ventilator Control Sequence. 

Room thermostats and radiator valves shall be installed 
as indicated on the plans for the control of direct 
radiation in corridors and toilets. Room thermostats 
and unit ventilator control equipment for all class 



1. Heating Control System. 

The system shall provide for manual adjustment of the 
outdoor air damper to furnish any desired minimum 
amount of fresh air whenever the fan is running. It 
shall further provide for automatically increasing the 
quantity of fresh air whenever the temperature in the 
space rises above the normal control range of the return 
air controller. The return air and fresh air dampers 
shall be cross-connected and operated in reverse. 

A return air controller shall operate the modulating 
valve on the steam coil and shall be connected mto the 
fresh air control system to indicate the need for addi- 
tional fresh air for cooling. A low limit controller in 
the discharge duct shall be capable of controlling the 
steam valve to prevent the discharge air from dropping 
below 65*. 

A humidity controller shall control a solenoid water 
valve on the water sprays to regulate humidity. 

2. Cooling Control System. 

The system shall provide manual adjustment of the 
outdoor air damper to furnish any desired minimum 
amount of fresh air when fan is running. It shall also 
provide for opening the outdoor air damper \vide when 
the temperature of the outdoor air is low enough to 
provide cooling. The return air and outdoor air dampers 
shall be cross-connected and positioned by a single 
motor which closes the outdoor air damper and opens 
the return air when the fan is not running. 
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The system shall include a step controller controlled 
by a modulating type room thermostat. The step con- 
troller shall operate by-pass or unloader valves on the 
refrigeration machine in several stages to auto- 
matically reduce tlie cooling capacity. The system 
shall be Minneapolis-Honeywell or approved equal. 



tern shall be the Minneapolis-Honeywell WeathersUt 
system or approved equal. 

Alternate — Each system shall include an automatic 
time switch to lower the temperature at night and 
return it to the day level at a predetermined time in 
the morning. 



Weatherstat Systems 
(Sequence of Control) 

I. Direct Control System 

An outside controller, containing a temperature 
sensitive element and heating element, so that the 
instrument is responsive to outside temperature, wind 
velocity, and solar radiation shall control the burner 
directly. 

The burner shall be turned off and on automatically 
as required to maintain the desired indoor temperature. 

A control panel shall be installed and shall include 
(a) an *'on'*-*'off"— "automatic'' switch with which to 
manually control the burner if desired, (b) a rheostat 
with which to adapt the control level of the Weather- 
stat to job conditions by regulating the rate of flow of 
electric current to the heater element and (c) an am- 
meter to indicate the flow of current to the Weather- 
stat heater. 

The system shall be the Minneapolis-Hone>-vvell 
Weatherstat System or approved equal. 

Note: The above specification applies to steam or 
gravity hot water heating systems. A forced circulation 
hot water system is controlled similarly except the 
Weatherstat operates the circulating pump, instead of 
the burner. Primary controls should be specified under 
boiler and burner. 

Alternate — The system shall include an automatic 
time switch to lower the temperature at night and 
return it to the day level at a predetermined time in 
the morning. 

2. Two-Position Zone Control 

Each zone shall be furnished with a complete control 
system consisting of an outside controller, a control 
panel and a zone valve which will automatically vary 
the steam supply as outdoor conditions change and 
which will completely shut off the steam at 65*" F. 
outdoor temperature. 

Each outside controller shall be located at its respec- 
tive zone and shall include a temperature sensitive 
element and heating element so that the controller will 
be sensitive to outside temperature, wind direction, 
\Mnd velocity, and solar radiation. It shall operate a 
two-position motorized zone valve controlling the steam 
supply to its zone. 

A control panel shall be furnished for each zone and 
shall be located in the engineer's room (or boiler room). 
It shall contain all auxiliary control equipment includ- 
ing a manual "on-oflT-automatic" control switch and a 
pilot light to indicate control valve position. The sys- 



3. Modulating Zone Control 

Each zone shall be furnished with a complete control 
system including a modulating zone valve, a control 
panel, and an outside controller. The temperature con- 
trol contractor shall furnish any other control equip- 
ment required for the proper operation of the control 
system. 

Each outside controller shall be located at its respec- 
tive zone and shall include a temperature sensitive 
element and heating element so that the controller will 
be responsive to outside temperature, wind direction, 
wind velocity, and solar radiation. A modulating 
motorized zone valve shall be furnished for each zone. 

A control panel shall be furnished for each zone and 
shall be located in the engineer's room (or boiler room). 
It shall contain all auxiliary control equipment includ- 
ing a manual '*on-off-automatic" control switch, and a 
pilot light to indicate valve position. 

The system shall pro\ide a continuous, variable steam 
flow except under light load conditions. When a pre- 
determined minimum or smaller load condition is 
reached the control shall automatically operate the 
normally modulating valve in an "on"— 'off" manner 
between the closed and minimum open positions. When 
the load once more increases beyond the minimum con- 
dition the control valve shall once more operate in a 
modulating manner between the minimum and full 
load positions. 

The temperature control contractor shall provide an 
orifice plate for each radiator which shall be installed 
by the heating contractor. 

Alternate — The system shall include an automatic 
time switch to lower the temperature at night and 
return it to the day level at a predetermined time in 
the morning. 

Zone Control 
(Sequence of Control) 
1. Two-Position Control 

Each zone shall be furnished with a two-position 
motorized val^ and two-position heat leveling type 
thermostat. The thermosUts shall have means for 
locking the setting and the finish shall be approved by 
the architect. 

ThermosUts shall be clock type, and shall provide a 
mechanical resetting of the control point to provide 
lowered night temperature and automatic return to day 
levels in the morning. 

The zone valvea shall (insert "Motorized Valve" 
specification or "Automatic Radiator Valve" specifica- 
tion from page 4 or 6). 
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2. Averaging Zone Control 

Each steam heating zone shall be controlled by two (or 
more) graduate acting thermostats connected together 
in such a manner that the graduate acting zone valve 
will be positioned according to the average of the tem- 
peratures at the two (or more) thermostats. The 
temperature control contractor shall provide an orifice 
plate for each radiator which shall be installed by the 
heating contractor. 

3. Forced Hot Water Mixing Valve Control 

A control system shall be installed for each zone 
which shall vary the water temperature with graduate 
action as required to maintain the desired zone tem- 
perature. 

Each zone shall be furnished with a modulating 
motorized three-way mixing valve and thermostat. 
Motorized valves shall be installed so that hot water 
from the boiler is mixed with return water and dis- 
charged from a common outlet to the main zone supply 
line. The modulating zone thermostat shall thus pro- 
portion the amount of hot and return line water flow- 
ing to the zone. 

Each motorized valve shall be provided with an 
auxiliary switch which shall keep the circulating pump 
in operation while any hot water flow is demanded. 
When all zone control mixing valves reach the b>T)ass 
position the circulator shall shut down. 

Alternate — The system shall include a time switch to 
interrupt the circulator operation at night and to start 
it up automatically in the morning. The control system 
shall automatically bring the temperature up to the 
day level. 

UNIT HEATER CONTROL 
Pneumatic Modulating 

Each unit heater (or group of unit heaters) shall be con- 
trolled by a pneumatic system consisting of a Graduate 
non-leak type thermostat operating a pneumatic coil valve 
installed in the steam supply line to the unit heater(s). 
The thermostat shall have a range of 60 to 86 degrees and 
the coil valve shall be equipped with a Vee-port sleeve 
and a positive positioning device for the proper modulation 
of the steam. 

A pneumatic electric switch connected to the thermostat 
branch line shall be capable of stopping the unit fan(s) 
when the thermostat is not calling for heat and the valve 
is closed. A manual "On-Off- Automatic" switch shall be 
installed so that the fan(s) may be operated continuously, 
shut off, or operated automatically. 



The air supply to the control system shall be taken from 
the main air compressor system and passed through a 
reducing station consisting of a pressure regulator set at 
15 lbs., an oil filter, a pressure gauge on the high pressure 
side and a pressure gauge on the low pressure side. Only 
one reducing station is necessary for all thermostats unless 
it is more convenient to use more than one station. 

OPTIONAL — A pressure control shall be connected to 
the steam supply line and connected in the electric circuit 
so that the fan(s) will not run when there is no steam 
pressure in the main except at the command of the manual 
switch in its **on" position. 

Electric Modulating 

Each unit heater (or group of unit heater;) shall be 
controlled by an electric system consisting of a potentio- 
meter type thermostat operating a proportioning electric 
coil valve installed in the steam supply line to the unit 
heater(s). The thermostat shall have a range of 63 to 87 
degrees and the coil valve shall be equipped with a V-port 
sleeve for proper modulation of the flow of steam. 

An auxiliary switch on the coil valve shall be capable 
of stopping the unit fan(s) when the thermostat is not 
calling for heat and the valve is closed. A manual "On- 
Off-Automatic" switch shall be installed so that the fan(s) 
may be operated continuously, shut off, or operated 
automatically, 

OPTIONAL — A pressure control shall be connected to 
the steam supply line and connected in the electric circuit 
so that the fan(s) will not run when there is no steam 
pressure in the main except at the command of the manual 
switch in its "On" position. 

Electric Two-Position 

Each unit heater (or group of unit heaters) shall be 
controlled by an electric system consisting of an *'0n-0ff" 
thermostat which will start the unit fan(s) when heat is 
required. The thermostat shall have a range of 40 to 80 
degrees. 

A manual "On-Off-Automatic" switch shall be installed 
so that the fan(s) may be shut off, operated continuously, 
or automatically. 

OPTIONAL — A pressure control shall be connected to 
the steam supply line and connected in the electric circuit 
so that the fan(s) will not run when there is no steam in 
the main except at the command of the manual switch in 
its "On" position. 
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The following pages include charts, tables, and ratings which are 
commonly used in the analysis of heating, ventilating, and air conditioning 
problems in general. 

Too much emphasis cannot be laid upon the fact that the greatest 
limitations influencing the operation of the control system are the oper- 
ating characteristics and capacities of the equipment with which it is used. 

A careful analysis of all parts of a heating, ventilating, and air con- 
ditioning installation will make it possible to select a control sequence 
which will insure an efficient and economical program of operation. 

In this data section we have attempted to include information which 
may be generally used in making calculations of capacities. By keeping 
this material in a convenient location and referring to it frequently, it will 
be possible for you to derive the maximum benefits that automatic control 
make possible. 

In addition to general data the following pages also include specific 
information on MinneapoUs-Honeywell control units which is not included 
in other parts of the cataJog. 
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DEGREE DAYS 



The number of degree days per day is the difiference 
between 65"* F. and the daily average temperature when 
the average temperature is less than 65° F. 

The daily average temperature is the average of the maxi- 
mum and minimum temperatures recorded during a day. 
It is not the average of all the hourly readings taken during 
the day. For example, if the highest recorded temperature 
within a day at a given location is 74° F. and the lowest 
temperature is 46°, the daily average temperature will be 



(74° +46°) ^2 =60°. Therefore, the number of degree days 
for that day at that particular location will be 66°— 60° = 5 
degree days. 

The following table gives the number of degree days in a 
Normal heating season. The monthly mean temperature 
used is the average of monthly mean temperatures for as 
many as fifty years, and usually at least twenty-five years. 

It is usually more satisfactory to predict fuel consumption 
on this table than to rely on tables calculated from daily 
weather data compiled during the last few years. 



REPRINTED FROM DEGREE DAY HANDBOOK 
BY STROCK A HOTCHKISS 



Atlanta 

Baltimore 

Boston 

Buffalo . 
Charlotte 
Chicaso 
Dallas .... 
Del Moines 
Denver 
Detroit 
Duluth 
Hartford ... 
Indianapolis . . . 
Kansas City 
Los Angeles 
Milwaukee 
Minneapolis 

New York 

Oklahoma City 
Omaha . . . 
Philadelphia 
Pittsburgh .... 
Portland (Ore.). 
Salt Lake City . . . 
San Francisco . . 
Seattle . 
St Louis 

Syracuse 

Washington, D. C 
NX/ichita 



1 

Total ' 


Jan. 


Feb. 


Mar. 


Apr. 


2890 


682 


557 


388 


132 


4533 


955 


843 


701 


348 


6045 


1150 


1042 


908 


570 


6822 


1240 


1156 


1032 


675 


6290 


1262 


1095 


911 


549 


2256 


617 


493 


267 


9 


6384 


1392 


1173 


890 


441 


5874 


1079 


918 


800 


534 


6490 


1252 


1134 


973 


573 


9480 


1727 


1473 


1277 


810 


6036 


1159 


1100 


887 


531 


5298 


1128 


969 


756 


384 


4852 


1094 


958 


676 


303 


1504 


326 


266 


239 


159 


7245 


1383 


1201 


1023 


648 


7850 


1609 


1400 


1094 


570 


5347 


1060 


960 


837 


486 


3613 


865 


742 


465 


162 


6131 


1355 


1126 


868 


414 


4855 


1001 


893 


756 


402 


5235 


1054 


944 


787 


423 


4469 


806 


644 


558 


402 


5555 


1110 


885 


722 


453 


3264 


465 


356 


353 


294 


4966 


775 


652 


623 


465 


4585 


1060 


854 


657 


276 


6893 


1277 


1212 


1004 


630 


4626 


970 


848 


694 


348 


4673 


1094 


896 


648 


252 



May 


June 


1 

July 


Aug. 










22 
245 

335 


- • ■ • • 

12 


• 






248 














118 
267 
226 
524 
202 
59 
12 
90 
350 
236 
155 












198 




37 

■ 












39 






















84 

68 
78 
245 
236 
264 
319 














90 






195 
168 


202 
40 


186 
43 

• 


267 
25 


12 

















48 

75 



72 
42 
261 
48 



84 

93 



105 
18 
114 
192 

96 



Oct. 



96 
223 
363 
419 



353 



357 
428 
400 
620 
344 
298 
214 



450 
481 
276 
105 
329 
242 
313 
332 
388 
146 
403 
205 
425 
251 
192 



Nov. 



396 
567 
695 
774 



756 
303 
798 
759 
777 
1060 
705 
687 
612 
123 
846 
963 
618 
459 
780 
588 
669 
558 
723 
261 
570 
597 
798 
594 
636 



Dtc. 



6391 
874 

1026 
1104 



1113 
567 
1215 
1017 
1113 
1491 
10601 
1017 
983 
301 
1221 
14041 
955 
815 
1175 
905 
967 
729 
1020 
428 
7161 
963 
1172 
8961 
955 



HEATING DATA 



Days In Normal 
Heating Season 



201 
232 
273 
283 
206 
257 
181 
251 
274 
268 
365 
272 
242 

230 
284 
275 
246 
210 
244 
238 
245 
304 
267 
365 
365 
221 
273 
236 
226 



Design 
Temp. 



10 
5 
0 
—5 
10 
-10 
10 
-15 
-20 
0 

-25 
—5 
—5 

30 

-10 
-20 
5 

—5 
-10 
5 

—5 
-15 
—5 
35 
10 
—5 
-15 
0 
—5 



Average 
Temp. 



50.6 

45.5 

42 9 

40.9 

49.8 

40.5 

52.5 

396 

43.6 

40.8 

39 

42.8 

43.1 

44.0 

58 5 

39.5 

36.4 

43.6 

47.8 

39.9 

44.6 

43.6 

50 3 

44 2 

56.0 

51.4 

44.3 

39.8 

45.4 

44.3 



COOLING DATA 



Design | Design 
Dry Bulb Wet Bulb 



91 
93 
88 
83 

■ • 

95 

99 
92 
90 
93 



90 

• • 

88 
93 
93 
95 
96 

• • 

95 
91 
83 
95 
85 
83 



75 
76 
73 
72 

75 
76 
74 
64 
73 



73 

70 
74 
72 
75 
76 

78 
73 
65 
67 
68 
61 
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Heating dcta obtained from Degree Day Handbook 

published by The Industrial Press. 
Cooling data obtained from A.S H.& V.E. Guldt. 



CONVERSION TABLES 



EQUIVALENTS OF POUNDS PER SQUARE INCH IN 
FEET OF WATER COLUMN, AND INCHES OF 

MERCURY COLUMN 



Pounds 

Per 
Sq. Inch 


Feet 
of 
Water 


Inches Pounds 
of per 
Mercury Sq. Inch 


Feet 

of 
Water 


Inches 
of 

Mercury 


1 


2.31 


2.04 


20 


46.19 


40.72 


2 


4.62 


4.07 


25 


57.73 


50.90 


3 


6.93 


6.11 


30 


69.27 


61.08 


4 


9.24 


8.14 


36 


80.83 


71.26 


5 


11.55 


10.18 


40 


92.38 


81.44 


10 


23.09 


20.36 


45 


103.92 


91.62 


15 


34.64 


30.64 


60 


115.45 


101.80 



EQUIVALENTS OF OUNCES PER SQUARE INCH IN 
INCHES OF WATER COLUMN, AND INCHES 

OF MERCURY COLUMN 





Inches 


Inches 




Inches 


Inches 




of 


of 




of 


of 


unces 


Water 


Mercury Ounces 


Water 


Mercury 


1 


1.73 


.13 


9 


15.59 


1.15 


2 


3.46 


.26 


10 


17.32 


1.28 


3 


5.20 


.38 


11 


19.05 


1.4 


4 


6.93 


.51 


12 


20.78 


1.53 


5 


8.66 


.64 


13 


22.52 


1.66 


6 


10.39 


.77 


14 


24.25 


1.79 


7 


12.12 


.89 


15 


25.98 


1.91 


8 


13.85 


1.02 


16 


27,72 


2.04 
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CONVERSION TABLES 



CONVERSION EQUATIONS 

Fahrenheit degrees = 9/5 centigrade degrees -1-82. 
Centigrade degrees = 6/9 (Fahrenheit degrees - 82). 

Absolute temperature. expreMed in Fahrenheit degrees = Fahrenheit 
deg^e^%^^^^^^^^^^ and ventilating work. 460 is usually used. 

Absolute temperature, expressed in centigrade degrees - centigrade 
degrees -|- 273.1. 



CONVERSION 



Temp. 
C. 

0 

-10 
-20 
-30 
-40 
-50 
-60 
-70 
-80 
-90 
-100 



TABLE FOR CENTIGRADE TO 
For Temperatures Below 0^ C. 



FAHRENHEIT 



0 


1 


2 


8 


4 


6 


+82.0 


30.2 


28.4 


26.6 


24.8 


23.0 


-hl4.0 


12.2 


10.4 


8.6 


6.8 


5.0 


-4.0 


5.8 


7.6 


9.4 


11.2 


13.0 


-22.0 


23.8 


26.6 


27.4 


29.2 


31.0 


-40.0 


41.8 


43.6 


45.4 


47.2 


49.0 


-58.0 


59.8 


61.6 


63.4 


65.2 


67.0 


-76.0 


77.8 


79.6 


81.4 


83.2 


85.0 


-94.0 


95.8 


97.6 


99.4 


101.2 


103.0 


-112.0 


113.8 


116.6 


117.4 


119.2 


121.0 


-130.0 


131.8 


133.6 


135.4 


137.2 


139.0 


-148.0 


149.8 


151.6 


153.4 


165.2 


167.0 



For Temperatures Above 0® C. 



Temp. 
C. 


0 


1 


2 


8 


4 


6 


6 


7 


8 


9 


0 


32.0 


33.8 


35.6 


37.4 


39.2 


41.0 


42.8 


44.6 


46.4 


48.2 


10 


50.0 


51.8 


53.6 


66.4 


57.2 


59.0 


60.8 


62.6 


64.4 


66.2 


20 


68.0 


69.8 


71.6 


73.4 


76.2 


77.0 


78.8 


80.6 


82.4 


84.2 


30 


86.0 


87.8 


89.6 


91.4 


93.2 


96.0 


96.8 


98.6 


100.4 


102.2 


40 


104.0 


105.8 


107.6 


109.4 


111.2 


113.0 


114.8 


116.6 


118.4 


120.2 


50 


122.0 


123.8 


125.6 


127.4 


129.2 


131.0 


132.8 


134.6 


136.4 


138.2 


60 


140.0 


141.8 


143.6 


145.4 


147.2 


149.0 


150.8 


162.6 


164.4 


166.2 


70 


158.0 


159.8 


161.6 


163.4 


165.2 


167.0 


168.8 


170.6 


172.4 


174.2 


80 


176.0 


177.8 


179.6 


181.4 


183.2 


185.0 


186.8 


188.6 


190.4 


192.2 


90 


194.0 


195.8 


197.6 


199.4 


201.2 


203.0 


204.8 


206.6 


208.4 


210.2 


100 


212.0 


213.8 


215.6 


217.4 


219.2 


221.0 


222.8 


224.6 


226.4 


228.2 



CONVERSION TABLE FOR FAHRENHEIT TO CENTIGRADE 

For Temperatures Below 0** F. 



Temp. 

o p 

0 

-10 
-20 
-80 
-40 
-60 



Temp. 
F. 

0 

+ 10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 



0 

17.78 
28.83 
28.89 
84.44 
-40.00 
-46.66 



1 2 4 6 6 7 8 9 

18.33 18.89 19.44 20.00 20.56 21.11 21.67 22.22 22.78 

28.89 24.44 26.00 26.66 26.11 26.67 27.22 27.78 28.33 

29.44 30.00 30.56 31.11 31.67 32.22 32.78 33.33 33.89 

85.00 35.66 86.11 36.67 37.22 37.78 38.83 38.89 39.44 

40.56 41.11 41.67 42.22 42.78 43.33 43.89 44.44 45.00 

46.11 46.67 47.22 47.78 48.33 48.89 49.44 50.00 50.66 

For Temperatures Above 0** F. 



0 

-17.78 
-12.22 
-6.67 
-1.11 
+4.44 
10.00 
16.66 
21.11 
26.67 
32.22 
87.78 
43.83 
48.89 
64.44 
60.00 
66.66 
71.11 
76.67 
82.22 
87.78 
9t.Bt 



1 

17.22 
11.67 
6.11 
-0.66 
6.00 
10.66 
16.11 
21.67 
27.22 
32.78 
88.83 
43.89 
49.44 
55.00 
60.66 
66.11 
71.67 
77.22 
82.78 
88.38 
98^9 



2 

16.67 
11.11 
5.56 
0.00 
5.56 
11.11 
16.67 
22.22 
27.78 
33.38 
38.89 
44.44 
60.00 
66.66 
61.11 
66.67 
72.22 
77.78 
88.38 
88.89 
94.44 



8 

16.11 
10.66 

5.00 
+0.66 

6.11 
11.67 
17.22 
22.78 
28.33 
33.89 
39.44 
46.00 
60.56 
56.11 
61.67 
67.22 
72.78 
78.83 
88.89 
89.44 
96.00 



4 

15.66 
10.00 

4.44 
+ 1.11 

6.67 
12.22 
17.78 
23.83 
28.89 
34.44 
40.00 
45.56 
51.11 
66.67 
62.22 
67.78 
78.83 
78.89 
84.44 
90.00 
95.66 



5 

15.00 
9.44 
3.89 
+ 1.67 
7.22 
12.78 
18.33 
23.89 
29.44 
35.00 
40.66 
46.11 
61.67 
67.22 
62.78 
68.83 
73.89 
79.44 
85.00 
90.56 
96.11 



6 

14.44 

8.89 
3.33 
+2.22 
7.78 
18.88 
18.89 
24.44 
80.00 
35.56 
41.11 
46.67 
52.22 
57.78 
68.88 
68.89 
74.44 
80.00 
86.56 
91.11 
96.67 



7 

13.89 
8.33 
2.78 
+2.78 
8.33 
13.89 
19.44 
25.00 
30.56 
86.11 
41.67 
47.22 
62.78 
68.88 
68.89 
69.44 
76.00 
80.66 
86.11 
91.67 
97.22 



8 

13.33 
7.78 
2.22 
+8.33 
8.89 
14.44 
20.00 
26.66 
31.11 
86.67 
42.22 
47.78 
58.88 
58.89 
64.44 
70.00 
75.56 
81.11 
86.67 
92.22 
97.78 



POWER. WORK, ETC 

1 ton refrigeration 
Latent heat of ice 

1 Btu 



1 watt hour 



1 mean calorie 



1 kilowatt (1000 watts^ 



1 horsepower 



1 boiler horsepower 
WEIGHT AND VOLUME 
1 gal. (U.S.) 

1 British or Imperial gallon 
1 cu. ft. 

1 cu. ft. water at 60** F. 
1 cu. ft. water at 212 *F. 
1 gal. water at 60° F. 
1 gal. water at 212° F 

1 lb. (avdp.) 

1 buahel 

1 short ton 
1 long ton 

PRESSURE 

1 lb. per square inch 



1 ox. per square inch 



1 atmosphere 



1 in. water at 62° F 



1 ft. water at 62° F 



1 in. mercury at 62* F. 



■ 199.038 Btu per minute 
» 143.33 Btu per pound 

776 (t.-lb. 
a 0.293 watt^hours 
252.02 mean calories 

2,665.2 ft.-lb. 
3.416 Btu. 
" 3600 joules 

860.648 mean calories 

0.003968 Btu. 
=> 8.085 ft.-lb. 

0.0011619 watt-hours 

1.3405 horsepower 

= 56.92 Btu. per minute 

44,252.7 ft.-lb. per minute 

0.746 kilowatt 
42.44 Btu. per minute 
^ 33,000 ft. -lb. per minute 
560 ft.-lb. per second 

= 33,628.7 Btu. per hour 



281. cu. in. 
■ 0.13368 cu. ft. 

- 277.274 cu. in, 

7.4805 gal. 
^ 1728 cu. in. 

= 62.37 lb. 

» 69.76 lb. 

= 8.34 lb. 

= 7.99 lb. 

16 oc 
" 7000 grains 

» 1.244 cu. ft. 

- 2000 lb. 

- 2240 lb. 



144 lb. per square foot 
2.0416 in. mercury at 64° F. 
2.309 ft. water at 62° F. 
27.71 in. water at 62° F. 

0.1276 in. mercury at 62° F. 
1.732 in. water at 62° F. 

14.7 lb. per square inch 
2116.3 lb. per square foot 
33.974 ft. water at 62° F. 

30 In. m. ry at 62° F. 
29.921 in. mercury at 32° F. 

0.03609 lb. per square inch 
0.5774 ox. per square inch 
5.196 lb. per square foot 

0.483 lb. per squars inch 
62.865 lb. per square foot 

0.491 lb. per square inch 
7.86 ox. per square inch 
1.181 ft- water at 62° P. 
18.67 in. water at 62° F. 
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This chart is useful in determining coohng water requirement ^/^^^e cap^^^^^^ 
control valve for Freon-12 systems. It may also be used to determme the amount of coolmg that is oemg 
produced by an existing system. 

Example No. 2— A Freon-12 Air Conditioning System 
uses 3200 gallons per minute, which shows a temperature 
rise of 12*, the suction pressure is 35# and the discharge 
pressure 100^ What tonnage is being produced by the system? 



Eiamplc No. 1— What will be the cooling water require- 
ments of a 100 ton Air Conditioning System, which operates 
at 40 f suction pressure and 140# discharge pressure if a 10 
rise is allowable in the cooling water? 

Reference to this chart shows that 27.8 gallon degrees per 
minute per ton will be required ; total gallon degrees equals 
27.8X100 = 2,780. Cooling water requirements will then bo 

?^^ = 278 gallons per minute. The control valve should 
be sized accordingly. 



R ' -ring to the chart at 35f suction pressure and 100# 

discharge pressure 26.8 gallon degrees per ton are required. 

t. . u 3 200X1 2 
The tonnage of the system will, therefore, be — g^-g- 



-1480 
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BRAKE HORSE POWER 
Average Performance of Freon-12 Compressors 



This chart illustrates the average performance charac- 
teristics of Freon-12 compressors and is based on a com- 
pressor having a piston displacement of 10 cubic feet per 
minute. Since the capacity of a compressor varies in direct 
proportion to the piston displacement, this chart may be 
used for obtaining the capacity and the approximate 
brake horsepower for other sizes of compressors. 

As an example in the use of the chart, assume that the 
evaporator pressure is 25 lbs. per square inch and the dis- 
charge pressure 136 lbs. per square inch on a compressor 
having 10 cu. ft. per minute displacement. It is desired 
to find the tonnage of the system and the approximate 
brake horsepower required. The left-hand scale shows 



evaporator pressure. From 25 lbs. per square inch on 
this scale, read to the right to intercept the curved ver- 
tical line running down from 136 lbs. per square inch at 
the top of the chart. This will be found to agree with the 
110 degree condensing-temperature line. At the inter- 
section read approximately 1.62 tons refrigeration capa- 
city, on the family of lines mounting upward to the right. 

From the same intersection read vertically downward 
to 2.34 brake horsepower. 

It should be noted that for any given condensing tem- 
perature there is some suction pressure at which a definite 
maximum horsepower is required, and that with a higher 
or lower suction pressure the horsepower requirements 
fall off. 
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simple 
of this 



2 3 

COMPRESSOR & COIL CAPACITY 

It is often desirable to predict the performance of an 
air conditioning system under temperature and relative 
humidity conditions differing from those under which the 
system can be tested. It is also, in many cases, desirable 
to know the effect of changes in the capacity of the 
evaporators, in the number of evaporators, or in the 
capacity or number of compressors. 

The capacity chart shown above provides a 
method for predicting these results. The scale 
chart is so chosen that when the compressor capacity is 
plotted against refrigerant temperature, the resulting 
curve is approximately a straight line. Likewise, when 
the capacity of an evaporator for a given entering wet 
bulb temperature is plotted against the refrigerant tem- 
perature, the result is also a straight line. 

The change in capacity of an evaporator caused by a 
change in the wet bulb temperature of the entering air 
may be represented by another straight line parallel to 
the first and starting at the new wet bulb temperature. 
The characteristics of the chart permit the prediction of 
system capacity for a large variety of conditions, and 
when used with the psychrometric chart, the S/L ratio 
of the entire system may also be predicted. 

As a typical example, refer to the chart above on which 
curve A shows the capacity of a compressor with a dis- 
placement of 20 cubic feet per minute at various refriger- 
ant temperatures and at a constant discharge pressure of 
136 lbs. per square inch. It should be noted that this is 
approximately a straight line and that the capacity varies 
from 5.56 tons at 50** evaporator temperature to 2 tons at 
about 7** evaporator temperature. 

Curve B represents the capacity of the evaporator used 
on this system at an entering wet bulb temperature of 
60**. The intersection of curves A and B represents the 
system capacity, that is the capacity of the compressor 
when used with this particular evaporator and operating 
under conditions of 60 degrees entering wet bulb temper- 
ature. The intersection shows that the resultant system 
capacity will be 4.3 tons at 37** evaporator temperature. 

In practice, curve B would be obtained by plotting the 
entering wet bulb temperature, thereby establishing a 
point on the left-hand end of the curve (in this case 60**). 
The compressor suction pressure is then measured, and 
the corresponding refrigerant temperature is spotted on 
the compressor capacity curve A (in this case 37**). A 
straight line drawn between these two points establishes 
curve B. 

If it is now desired to determine the capacity of the 
system under design conditions of 67° entering wet bulb 
temperature, it is only necessary to draw curve C through 
67** on the left-hand scale and parallel to curve B. The 
intersection of curve C with curve A indicates that the 



- TONS 



system will have a capacity of 5.05 tons and an evaporator 
temperature of 45** under the new design conditions. 

As explained in previous sections of this manual, the 
S/L ratio may be determined when the difference between 
the refrigerant temperature and the average fin tempera- 
ture of the coil is known. By taking readings of the en- 
tering wet and dry bulb temperatures and the leaving wet 
and dry bulb temperatures from the evaporator, and plot- 
ting them on the psychrometric chart, the average fin 
temperature may be found at the intersection with the 
saturation curve. The intersection of curves A and B on 
the capacity chart establishes the refrigerant temperature. 

It may thus be determined that the difference between 
the refrigerant temperature and the average fin temper- 
ature is 10 degrees. Curve D, which is read on the right- 
hand scale of the chart, is plotted to show a 10** fin tem- 
perature rise at 4.3 tons. By drawing a straight line 
between the 10** point at 4.3 tons and 0, the approximate 
fin temperature rise for other conditions may be obtained. 
Thus at the capacity obtained with a 67** wet bulb tem- 
perature, the fin temperature rise will be approximately 
11.3 degrees. 

These results, when used with the psychrometric chart, 
will permit the approximate determination of the S/L 
ratio of the system. 

When the capacity of a compressor is changed or when 
one or more compressors are used in sequence on a sys- 
tem, the balance pressure for a given coil as the compres- 
sor capacity is changed may be obtained by drawing sep- 
arate curves for the various compressor capacities. Like- 
wise, the effect of changing discharge pressure on the 
capacity of the system may be determined 

Changes in air velocity over an evaporator in effect 
change the slope of the curves C and B representing coil 
capacity. Thus, for a lower air velocity these curves be- 
come more steep. When the characteristics of the coil at 
varying velocities are sufficiently known, the correction 
curve may be plotted on the chart shown in the lower 
left-hand corner of Page 173. At velocities less than 
normal the slope of curves B and C will become steeper 
because of reduced coil capacity at a given refrigerant 
temperature. The original curve D for fin temperature 
rise will still be correct regardless of the air velocity 
across the coil. 

It should be understood that the results which may be 
obtained from this chart are only approximate but they 
will usually be found sufficiently accurate for field use. 
The chart is very useful in plotting the characteristics of 
♦an existing air conditioning system so that the effects of 
changing load conditions may be studied. Knowing these 
facts, the selection of the most efficient and satisfactory 
control system becomes a relatively simple problem. 
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TEMPERATURES OF REFRIGERANTS CORRESPONDING TO 
GAGE PRESSURE IN POUNDS AND INCHES OF VACUUM 

AT 29.92" BAROMETER 
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ELECTRICAL RATINGS 



Voltage 

On motor installations it is usually desirable to check 
the supply voltage at the motor to be sure that it is within 
10% above or below the voltage rating of the motor. Since 
the power output of a motor varies approximately as the 
square of the voltage it will mean that a 110-volt motor 
operating on 90 volts will have its power reduced about 
33% which in some cases may not enable the motor to 
start or to reach its rated speed. 

Types of Motors 

1. Repulsion-induction motors are commonly used on 
single-phase applications of M H. P. up to as high as 
10 H. P. These motors start as repulsion motors and when 
the speed comes to a pre-determined value, a short circuit 
device shorts the commutator segments, making the rotor 
similar to a squirrel cage rotor and causing the motor to 
assume induction motor characteristics. The rotors of 
these motors are wound and resemble D. C. armatures 
having a commutator on one end. 

These motors generally have four leads brought out 
from the stator so that the primary may be connected for 
110 or 220 volts externally. The direction of rotation is 
changed on most makes by shifting the position of the 
brushes. 

2. Split-phase motors are generally used on applica- 
tions of 1/6H. P. and smaller. They have two windings, 
a starting winding, which is cut out of the circuit by a 
starting switch when the motor comes up to a pre- 
detemined speed, and a main winding. 

These are also considered constant speed motors, as 
they have induction motor characteristics when running. 
They are not dual-voltage motors as are the repulsion- 
induction motors and can only be used on the voltage 
stamped on the name plate. To reverse the direction of 



rotation it is only necessary to reverse the starting wind- 
ing leads which causes the motor to start in the opposite 
direction. 

3. Poly-phase motors of the squirrel-cage type are used 
for all general applications on two and three-phase cir- 
cuits where variable speed is not required. These motors 
are exceptionally simple and rugged, having no short- 
circuiting or starting switches and no wound rotors. 

Two-phase motors may be reversed by inter-changing 
the cwo leads of one phase. 

Three-phase motors are reversed by reversing any two 
leads. 

TABLE NO. 1 
Full Load Current for A. C. Motors 





SINGLE 


PHASE 


THREE PHASE INDUCTION TYPE 


H. p. 


























110 V. 


220 V. 


110 V. 


220 V. 


440 V. 


% 


3.34 


1.67 










4.8 


2.4 










7 


3.5 


5 


2.5 


1.3 




9.4 


4.7 


5.4 


2.8 


1.4 


1 


11 


5.5 


6.6 


3.3 


1.7 


1^ 


15.2 


7.6 


9.4 


4.7 


2.4 


2 


20 


10 


12 


6 


3 


3 


28 


14 




9 


4.5 


5 


46 


23 




15 


7.5 


7^ 


68 


34 




22 


11 


10 


86 


43 




27 


14 


15 








38 


19 


20 








52 


26 


25 








64 


32 


30 








77 


39 


40 








101 


51 


50 








125 


63 



TABLE NO. 2 
Conductor Sizes and Overcurrent Protection for Motors 















Maximum Allowabit Rating of Branch 
















Circuit Fusts 












For Running Proltctlon of Motors 


Singit Pfiast and 


Squirral-cagt 














Max. Sttting 


Squirrel cage 


and Synchronous 












Maximum 


and Synchronous 


(auto-transformer 


D. C. 


Full Load Currtnt 


Minimum Allowabit Slit of Copptr Wirt, 


Rating of 


of timt-llmit 


(full-voltagt. 


starting.) 


and Wound 


Rating of Motor 


Am. 9«U8C or cir. milt. 


N. E. C. Fuses 


prottctlvt 


rtactor and 


High-reactance 


Rotor 












dtvlct 












Vamlthtd 


Slow 






rtsistor starting.) 


Squirrel-cagt 


A. C 












Amptrti 


Rubbtr 


Ombric 


Burning 


Am parts 


Amptrti 


Amperes 


Amperes 


Amperes 


Col. 1 


2 


i 


4 


5 


6 


7 


8 


9 


1 


14 


14 


14 


2 


1.25 


15 


15 


15 


2 


14 


14 


14 


3 


2.50 


15 


15 


15 


3 


14 


14 


14 


4 


3.75 


15 


15 


15 


4 


14 


14 


14 


6 


5.0 


15 


15 


15 


5 


14 


14 


14 


8 


6.25 


15 


15 


15 


6 


14 


14 


14 


8 


7.50 


20 


15 


15 


7 


14 


14 


14 


10 


8.75 


25 


20 


15 


8 


14 


14 


14 


10 


10.0 


25 


20 


15 


9 


14 


14 


14 


12 


11.25 


30 


25 


15 


10 


14 


14 


14 


IS 


12.50 


30 


25 


15 


11 


14 


14 


14 


15 


13.75 


35 


30 


20 


12 


14 


14 


14 


15 


15.00 


40 


30 


20 


13 


12 


14 


14 


20 


16.25 


40 


35 


20 


14 


12 


14 


14 


20 


17.50 


45 


35 


25 


15 


12 


12 


14 


20 


18.75 


45 


40 


25 


16 


12 


12 


14 


20 


20.00 


50 


40 


25 


17 


10 


12 


12 


25 


21.25 


60 


45 


30 


18 


10 


12 


12 


25 


22.50 


60 


45 


30 


19 


10 


12 


12 


25 


23.75 


60 


50 


30 


20 


10 


12 


12 


25 


25.0 


60 


50 


30 


22 


8 


10 


10 


30 


27.50 


70 


60 


35 


24 


8 


10 


10 


30 


30.00 


80 


60 


40 


26 


8 


8 


8 


35 


32.50 


80 


70 


40 


28 


8 


8 


8 


35 


35.00 


90 


70 


45 


34 


6 


6 


8 


45 


42.50 


110 


70 


60 


40 


6 


6 


8 


50 


50.00 


125 


80 


60 


68 


2 


4 


4 


90 


85.00 


225 


150 


110 


86 


0 


2 


2 


110 


107.50 


300 


175 


150 
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GENERAL RULE FOR CONDUIT SIZE 
FOR ANY NUMBER OF WIRES 

The size of the conduit for any number of wires of 
various sizes may be calculated as follows: Find the total 
number of circular inches* of area of insulated wire to 
be put in the conduit and divide by a factor of .4. (This 
factor applies only to calculations for four or more wires.) 
The result will be the number of circular inches of inside 
area required in the conduit. The square root of this 
figure gives the inside diameter of the required conduit. 

Example: Find the size of conduit required for 2 #14 
and 6 #18 wires. 



Overall diameter of #14 wire = .20' 
Overall diameter of #18 wire =.14' 
2(.20 X.20) = .08 circular inches for 2 #14'8 
6(.14 X.14) =.1176 circular inches for 6 flS's 



Total = .1976 circular inches 

— — = .494 circulator inches of inside area of conduit. 
.4 

V^.494 = .703' inside diameter 

Therefore use %' conduit. 
*The area in circular inches of any circle is equal to the 
square of its diameter in inches. 



TABLE NO. 3 

NUMBER OF WIRES OF ONE SIZE IN A CONDUIT 



Conduit Sixt 



Internal DItmtttf 



^18 SInfIt Biaid i^' 
3.Wir« SUt abit 
^16 Slnglt Braid A' 
#14 

/10 

#• 

*6 
#5 
M 
#3 

n 



0.62 



8 
5 
6 
4 

3 
1 
1 
1 
0 
0 
0 
0 
0 
0 



0.82 



13 
8 

1 



V 


1^' 


1.049 


1.38 


22 


39 


11 


20 


18 


31 


11 


19 


8 


17 


6 


14 


5 


10 


2 


4 




4 




3 




3 




2 




1 




1 









3* 


1.61 


2.06 


2.46 


3.06 


52 


86 


122 


190 


27 


44 


62 


96 


42 


69 


99 


153 


26 


42 


60 


94 


23 


38 


54 


84 


19 


32 


45 


70 


14 


23 


33 


51 


6 


10 






5 


9 






4 


8 






4 


7 






4 


6 






3 


5 






2 


4 







TABLE NO. 4 



Conduit Size 
Number of #18 



Conduit Size 
Number o\ #18 



Conduit Size 
Number of #18 



5 



3 



3 



2— ^16*s and Any Number of #18 Wlrw 



11 



9 



9 



r 

19 



1^' 

36 



2— ^14'i and Any Number of #18 WIrw 



18 



1>4' 
34 



5— and Any Num ber of #1 8 Wires 



17 



IVi' 

34 



1 W 
52 



1V^' 
50 



1V6' 
50 



2' 

83 



2' 

82 



2* 

81 



2^' 

120 



2^' 

118 



2V4' 
118 



3' 

187 



3' 

186 



3' 

185 



TABLE NO. 5 

PHYSICAL CONSTANTS FOR WIRE 
600- VOLT RUBBER-INSULATED COPPER WIRE 





Gou Section 


Over-all 


1 Site 


of Coppef 


Diameter 


1 A.W.G. 


CUcular 


Inches 




Mill 


(Stranded) 


1 00 


133.000 


066 


1 0 


106,000 


0.61 


1 1 


83,700 


0.57 






Solid 


1 1 


83.700 


0.53 


1 ft 


66,400 


0 47 


1 3 


52,600 


0.44 


1 4 


41,700 


0 41 


1 S 


33.100 


0 39 


1 6 


26.300 


0 37 


1 8 


16,500 


0 27 


1 10 


10.400 


0 23 


1 12 


6,530 


0 21 


1 


4.110 


0.20 


1 16 


2,580 


016 


1 18 


1^20 


0 14 



Ohmi per 
1000 Feet 
•t 77^ F. 
(Stranded) 



0.02827 
0.104 
0 133 



Solid 
0.126 
0.159 
0 201 
0.253 
0 320 
0 403 
0.641 
1.02 
1.62 
2.58 
4.10 
651 



Pounds per 
1000 Feet of 
Iniulated Wire 
(Stranded) 



TABLE NO. 6 

MAXIMUM CURRENT CAPACITY OF WIRES 
MAXIMUM ALLOWABLE AMPERES 



Site of 
Wire 

A.W.G. 


Rubber 

Insulation 


VemlsKed 
Cambric 
Insulation 


Otlier 
InsulatioM 


18 


3 




5 


16 


6 




10 


14 


15 


18 


20 


12 


20 


25 


25 


10 


25 


30 


30 


8 


35 


40 


50 


6 


50 


60 


70 


5 


55 


6S 


00 


4 


70 


85 


90 


3 


80 


95 


100 


2 


90 


110 


125 


1 


100 


120 


150 


0 


125 


150 


200 
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CONDENSATION IN COMPRESSED AIR PIPING 

Chart is used to determine the maximum water vapor content 
of compressed air at various temperatures and pressures. 

Assume air at 80° F. and 80% relative humidity is taken into 
an air compressor, compressed to 30 lbs. per sq. inch, and de- 
livered to a tank that is maintained at 90° F. Referring to a 
psychometric chart, it is found that air at 80° F. and 80% rela- 
tive humidity contains 123 grains of water vapor per pound of 
dry air. Referring to the chart it is found that air at 90° F. 
(tank temperature) and at 30 lbs. pressure is saturated with 
68 grains per pound of dry air. Therefore during compression 
the air will give up 5 5 grains of water vapor, per pound of dry 
air, w hich will collect in the boaom of the tank. 

If this air is reduced to 15 pounds pressure and delivered 
from the tank to a pneumatic control system air main, the 
moisture content will remain at 68 grains per pound of dry air. 
Referring to the chart, it is found that air at 1 5 pounds pressure 
and with 68 grains of moisture is saturated at a temperature of 
78° F. Since 78° F. is the saturation or dew point temperature 
of the air in the main, moisture will condense in the main if 
the temperature of the main drops below 78° F. This clearly 
indicates the necessity for a moisture condenser on summer 
cooling pneumatic control installations. 

The advisability of using a compressor operating at high pres- 
sures instead of a moisture condenser to remove moisture from 
the air is often questioned. The usual specifications for a high 
pressure air supply state that the compressor shall operate to 
maintain an average tank pressure of 70 pounds per square 
inch. During the summer, air in such a storage tank will 
probably reach a temperature of 100° F. or higher due to 
ambient temperatures of the tank and the heat of compression. 
Referring to the chart, it is found that air at 100° F. and at 70 
pounds pressure is saturated with 49 grains of water vapor per 
pound of dry air. During compression all moisture above that 
amount will condense and accumulate in the bottom of the 
storage tank. \X'hen this air is reduced to 1 5 pounds pressure, it 
is found from the chart that its dew point temperature is 68 ^ F. 
Due to the fact that on summer cooling control installations 
some portion of the air piping, particularly around the con- 
ditioner, may be subjected to temperatures below 68° F., it is 
obvious that a system of this kind is not satisfactDry. 

It would appear that if the air in the storage tank could be 
maintained at a pressure sufficiently high and at a temperature 
sufficiently low the problem would be solved. This is true but 
from a practical standpoint, does not often work out. As the 
tank pressure is increased, air temperature is increased due to 
the heat of compression and power requirements increase due 
to the higher compression ratio. This requires a much larger 
compressor motor for a given air output which increases 
compressor costs. Actually, it is cheaper to provide a suitable 
moisture condenser than to supply a compressor for high 
pressures on a given installation. 




30C 



360 



260 



2^0 



220 



200 



lec ^ 

/60 ^ 

I 

\ 
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0 

30 \ 



60 



40 



20 



30 



aO 50 60 70 80 90 

Co/77pre*ssecy Air 7'errper<yf-cyre, f 
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VALVE SELECTION 



The kind of fluid passed through the valve often dictates the kind of metal 
the valve is to be made of, as some fluids have a very corrosive action on certain 
kinds of metal. 

The pressure and temperature of the fluid is also important especially when 
it is desired to use double seated valves, as these valves are ground in at the 
factory to close tightly under certain conditions of service. In other words, if 
the valve is ground in for hot service it cannot close tightly when used on cold 
service. The opposite is also equally true. Composition discs for single seated 
valves are furnished for service within specified pressure and temperature 
ranges. 

Stainless steel trim with semi-steel body should be specified for high pressure 
steam service. 

The capacity of a steam valve for use on fan heating coils may be determined 
from the following formula: 

(CFM) X 1.0 X (Tb - Tjn) 

Q = 

1000 

- lbs. of steam per hour. 

= Maximum discharge air temperature desired. 
= Th m nimum tem[ erature of mixed ourdoor and return air 
delivered to the coil. 



Where: 



Q 

Tb 
T 



m 



^ When sizing valves for steam coil service the drop through the valve is 
assumed to be about 40% or 50% of the inlet pressure. For 6-lb. gauge a 2-lb. 
pressure drop and for a 2-lb. gauge a 1-lb. pressure drop may be assumed in 
normal cases. If the valves are close to the source of supply, higher pressure 
drops may be expected. Allowance for special conditions snould always be 
made in assuming pressure drops. 

It is very important that Modulating Valves should not be over-sized since 
the modulating range of the valve will be decreased. In other words, if the 
maximum flow requirements are satisfied when the valve is only partially 
opened, it is evident that additional movement of the modulating motor 
towards the open position will have no effect upon the control medium. Since 
the number of effective motor positions are reduced it follows that good modu- 
lation cannot be attained. Wire drawing is also more pronounced in over-sized 
valves because the valve is usually operating near the dosed position. 

Two-position or "on-and-off" valves are usually sized with reference to the 
size of pipe they are to be installed in. If, however, the pipes are greatly over- 
sized, tnere is no need to purchase an oversized valve which is more expensive 
than a smaller accurately sized valve. Reducers may be installed in conjunction 
with the correct valve size if economies can be effected by sizing. 

The chart on page 18 provides a convenient means for determining the 
proper size electric or pneumatic valve to use on the heating coil of a fan system. 



PROPERTIES OF SATURATED STEAM 



Vacuum Inches 


Absolute Pressure 


Boiling Point or 


Volume of 1 lb. of 


Heat of the 


Latent Heat of 


Total Heat of 


of Mercury 


lbs. per Sq. Inch 


Steam Temp. 


Steam cubic ft. 


Liquid Btu. 


Evap. Btu. 


Steam Btu. 


29 


.452 


76.62 


706. 


44.66 


1048.6 


1093.2 


28 


.944 


99.93 


351.5 


67.90 


1035.6 


1103.6 


27 


1.435 


114.22 


236.8 


82.15 


1027.7 


1109.8 


26 


1.926 


124.77 


179.5 


92.67 


1021.7 


1114.4 


26 


2.417 


133.22 


145.0 


101.10 


1017.0 


1118.1 


24 


2.908 


140.31 


121.9 


108.18 


1012.9 


1121.1 


23 


3.399 


146.45 


105.4 


114.31 


1009.4 


1123.8 


22 


8.890 


151.87 


92.9 


119.73 


1006.3 


1126.0 


21 


4.382 


156.75 


83.1 


124.61 


1003.5 


1128.1 


20 


4.873 


161.19 


75.2 


129.05 


lOOl.O 


1130.0 


19 


5.364 


165.24 


68.7 


183.10 


998.6 


1131.7 


18 


5.855 


169.00 


63.3 


136.86 


996.4 


1133.3 


17 


6.346 


172.51 


58.7 


140.38 


994.3 


1134.7 


16 


6.837 


175.80 


54.7 


143.67 


992.4 


11S6.1 


15 


7.329 


178.91 


51.3 


146.79 


990.6 


1187.4 


14 


7.82 


181.82 


48.30 


149.71 


988.8 


1138.5 


Id 


8.31 


184.61 


45.61 


152.50 


987.1 


1139.6 


12 


8.80 


187.21 


43.27 


155.11 


985.6 


1140.7 


11 


9.29 


189.75 


41.12 


157.66 


984.0 


1141.7 


10 


9.78 


192.19 


39.16 


160.10 


982.6 


1142.7 


9 


10.28 


194.50 


87.41 


162.42 


981.2 


1143.6 


8 


10.77 


196.73 


35.81 


164.65 


979.9 


1144.5 


7 


11.26 


198.87 


34.86 


166.81 


978.5 


1145.8 


6 


11.75 


200.96 


32.99 


168.90 


977.2 


1146.2 


5 


12.24 


202.92 


31.77 


170.87 


976.0 


1146.9 


4 


12.73 


204.85 


80.62 


172.81 


974.8 


1147.6 


8 


13.22 


206.70 


29.56 


174.67 


973.7 


1148.4 


2 


13.71 


208.50 


28.58 


176.48 


972.5 


1149.1 


1 


14.20 


210.25 


27.67 


178.24 


971.4 


1149.7 


Pounds Gauge 














0 


14.70 


212.0 


26.79 


180.00 


970.4 


1150.4 


1 


15.70 


215.8 


25.20 


183.3 


968.2 


1151.6 


2 


16.70 


218.5 


23.78 


186.6 


966.2 


1152.8 


4 


18.70 


224.4 


21.40 


192.5 


962.4 


1154.9 


6 


20.70 


229.8 


19.45 


198.0 


958.8 


1156.8 


8 


22.70 


234.8 


17.85 


203.0 


955.5 


1158.6 


10 


24.70 


289.4 


16.49 


207.7 


952.5 


1160.2 


15 


29.70 


249.8 


18.87 


218.2 


945.5 


1163.7 


25 


39.70 


266.8 


10.57 


235.6 


933.6 


1169.2 


50 


64.70 


297.7 


6.68 


267.2 


911.2 


1178.4 


75 


89.70 


320.1 


4.91 


290.3 


894.2 


1184.4 


100 


114.70 


837.9 


8.891 


308.8 


880.0 


1188.8 


126 


139.70 


852.9 


8.225 


324.4 


867.8 


1192.2 



Three-Way Valves with M-H-R Valve Bodies 
WATER Capacities in Gals. Per Min. 

M.H.R. Valve Body— Metaphram Three-Way Valve V581A and V581B (Available thru 2^) Assembly No*. K9I0A, K0903B, V055A. V055B. V055C 



PRESSURE DROP ACROSS VALVE— LBS. 



Valve SiM 


1 


2 


6 


10 


16 


20 


26 


30 


85 


40 


50 


60 


70 




8.6 


5.1 


8.0 


11.2 


18.5 


15. 


5 


17.8 


19 1 


20 6 


21.8 


24 


27 


29 





6.4 


8.8 


14.0 


19.8 


24 0 


27. 


0 


80 


88 


86 


88 


42 


47 


50 


A • • • • • 


11.9 


16.6 


26.0 


87.0 


44.5 


51 




56 


68 


67 


71 


79 


88 


94 


IV 


28 


82 


50 


72 


86 


99 




110 


122 


180 


189 


168 


171 


184 




84 


48 


75 


107 


129 


145 




164 


180 


192 


206 


228 


258 


270 




68 


89 


140 


198 


288 


270 




800 


886 


860 


880 


426 


470 


505 




77 


110 


174 


285 


290 


828 




868 


415 


445 


465 


600 


660 


600 




97 


182 


205 


298 


850 


400 




450 


490 


510 


545 


620 


680 


726 


4*. 


66 


2S6 


875 


520 


625 


780 




790 


875 


940 


1000 


1090 


1200 


1810 




244 


S40 


685 


780 


900 


1080 




1160 


1260 


1340 


1480 


1580 


1720 


1870 


6*. 


860 


490 


750 


1180 

1 


1290 


1500 




1670 


1820 


1940 


2020 


8260 


2480 


2700 
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VALVE CAPACITIES— WATER 

TABLE NO. 1 

M-H-R Single Seated— Throttling Guide 
WATER Capacities in Gals. Per Min. 

MHR Valve Body V575A and V575B Assembly Nos. K200, K900, V053, K0900 



DIFFERENTIAL PRESSURE 



V«lv« Silt 


1 


9 


5 


10 


15 


80 


85 


30 


35 


40 


50 


60 


70 




1.1 


1.8 


2.2 


3.1 


3.8 


4 4 


4.8 


5.3 


5.7 


6.1 


6.8 


7.5 


8.0 


1.8 


2.5 


3.9 


5.5 


6.5 


7.5 


8.4 


9.3 


10.0 


11.0 


12.0 


13.0 


14.0 


i 


3.0 


4.2 


6.6 


9.3 


11.2 


12.8 


14.3 


15.8 


17.0 


18.0 


20.0 


22.2 


23.8 




5.7 


7.9 


12.5 


17.7 


21.3 


24.3 


27.2 


30.0 


32.0 


34.0 


37.8 


42.0 


45.0 


1 . . *. . 


8.7 


12.1 


19.0 


27.0 


32.5 


37.0 


41.3 


45.8 


48.7 


52.0 


57.8 


64.0 


69.0 




15.8 


21.7 


34.7 


49.3 


59.3 


67.8 


75.7 


83.7 


89.0 


95.0 


105 


117 


126 


1^ 


20.2 


28.3 


44.2 


62.7 


75.7 


86.3 


96.3 


106 


113 


121 


134 


149 


160 


2... 


29.2 


40.8 


64.2 


91.0 


109 


124 


139 


154 


164 


175 


195 


216 


232 




39.2 


54.2 


86.3 


122 


147 


167 


187 


207 


220 


235 


261 


290 


312 


3. 


48.3 


66.7 


106 


150 


181 


207 


231 


255 


271 


290 


323 


358 


380 



50% C4p4citv 9uid€$ arc available In V4'# «nd h^' sizes only. 



TABLE NO. 2 

Double Seated Bevel Seated Valves 
WATER Capacities in Gals. Per Min. 

MHR Valve Body No. V537F Assembly No. K201A (Fisher No. 5120) 



DIFFERENTIAL PRESSURE 



vaivt 
Sizt 


1 


2 


5 


10 


15 


80 


85 


30 


35 


40 


50 


60 


70 




4. 


5.5 


8.7 


12. 


14.9 


17. 


18.9 


20.7 


22.3 


23.7 


26.6 


29. 


31.4 




7. 


9.6 


15.3 


21. 


25.9 


29.4 


32.9 


36 5 


38.9 


42. 


46.9 


51. 


54.8 


^r . 


13.2 


18.3 


28.1 


39.9 


48.7 


55.7 


61.3 


68.2 


73.5 


78.4 


87.6 


95.5 


104. 


lU* 


17.4 


24.5 


37 5 


53.3 


64.2 


74.6 


82.8 


90.7 


96.7 


104. 


116. 


127. 


138. 


1^ " 


29.2 


38. 


59.9 


86.9 


104. 


120. 


132. 


145. 


157. 


166. 


186. 


200. 


216. 



TABLE NO. 3 

Double Seated Characterized V-Ported Valves 
WATER Capacities in Gals. Per Min. 

MHR Valve Body V537B Assembly Nos. K201B and K901B (Fisher No. 5007) 



DIFFERENTIAL PRESSURE 



Valv« 
Slit 


1 


8 


5 


10 


15 


80 


85 1 


30 


35 


40 


50 


60 


70 


80 


90 


100 


185 


150 




6.3 


8.8 


13.8 


20 


23.3 


26.7 


30 


33.3 


36.3 


39.6 


43.3 


46.7 


50 


53.3 


57.5 


60.8 


66.7 


75 




8 3 


11.7 


20.0 


26.3 


31 7 


36.7 


41.3 


45. 


48.3 


51.7 


58.3 


63.3 


66.7 


73.3 


76.7 


80 


91.7 


100 




16.7 


24.2 


36.7 


51.7 


63.3 


73.3 


82.7 


90. 


96.7 


104.2 


116.7 


125 


137.5 


145.8 


158.3 


166.7 


183.3 


200 


k 


22.9 


31.7 


50.0 


71.7 


87.5 


100 


110. 


121.7 


133.3 


141.7 


150. 


175 


183.3 


200. 


212.5 


218.3 


241.7 


266.7 




32.5 


45.8 


73.3 


100.0 


120.8 


140. 


154.2 


175. 


183.3 


200. 


216.7 


241.7 


262.5 


275. 


291.7 


316.7 


350. 


383.3 


2 


53.3 


75.0 


116.7 


166.7 


200.0 


229.2 


250. 


279.2 


300. 


320. 


366.7 


400 


430 


466.7 


483.3 


512.5 


566.7 


633.3 


2^ 


66.7 


91.7 


145.8 


201.7 


246.7 


283.3 


316.7 


350. 


375. 


400. 


450. 


491.7 


533.3 


566.7 


600. 


633.3 


708.3 


766.7 


3 


115. 


160. 


250. 


350. 


425. 


487. 


523. 


600. 


641. 


683. 


766. 


833. 


900. 


950. 


1016. 


1067. 


1200. 


1300. 




133. 


186. 


287. 


408. 


491. 


568. 


625. 


700. 


750. 


800. 


883. 


950. 


1033. 


1116. 


1167. 


1250. 


1383. 


1500. 


4 


148. 


205. 


325. 


448. 


550. 


625. 


700. 


766. 


816. 


883. 


983. 


1067. 


1140. 


1233. 


1300. 


1383. 


1630. 


1650. 


5 


288. 


405. 


625. 


883. 


1066. 


1233. 


1366. 


1500. 


1614. 


1750. 


1883. 


2083. 


2233. 


2383. 


2533. 


2683. 


2966. 


3250. 


6 


333. 


466. 


733. 


1033. 


1350. 


1433. 


1600. 


1733. 


1867. 


2000. 


2233 


2416 


2616. 


2800. 


2966. 


3116. 


3466. 


3800. 



TABLE NO. 4 
WATER Capacities in Gals. Per Min 



MHR Valve Body V578A 



Assembly Nos. K0901, V054 



DIFFERENTIAL PRESSURE 



Valve Siic 



J- 
W 

2^' 
3' 



1 



4.7 
7.7 
11.6 
15.4 
20.3 
27.5 
41.7 
51.1 



6.7 
10.8 
16.4 
21.7 
29.0 
39.4 
56.8 
70.8 



10.6 
17.4 
25.2 
34.3 
44.5 
60.5 
86.8 
109 



10 



14.6 
24.0 
35.4 
47.7 
63.2 
84.5 

121 

157 



15 


80 


85 


30 


35 


40 


50 


60 


70 


18.4 


20.8 


23.3 


25.0 


26.7 


28.3 


31.7 


35.0 


38.3 


29.5 


34.2 


38.8 


42.0 


44.2 


48.0 


53.5 


58.0 


64.5 


43.7 


49.1 


57.2 


61.3 


64.0 


69.4 


77.0 


85.0 


92.7 


58.7 


67.3 


74.2 


800 


84.0 


91.0 


101 


110 


120 


77.0 


87.8 


98.6 


106 


112 


121 


135 


148 


162 


101 


118 


133 


146 


153 


166 


184 


203 


221 


150 


180 


191 


209 


225 


242 


267 


292 


309 


190 


212 


241 


263 


277 


307 


336 


365 


394 
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TABLE NO. 5 
MHR Valve Body Nos.: 

Pilot Operated, V58A. V58B, V58C 

Three- Way, V538B (Available up to i" inclusive) 



Three- Way and Pilot Operated Valves 
WATER Capacities in Gals. Per Min. 



Valvt Sizt 



2 V 
3H' 

sr 

6V . 



DIFFERENTIAL PRESSURE 



2.25 
5 

8 8 
14.9 
19.5 
34.5 
53 
78 
107 
138 
210 
300 



3.2 
7 

12.5 
19.1 
27.5 
50 
74 
112 
152 
194 
300 
420 



10 



5.1 
10.4 
20 
31 
44 5 
80 
120 
177 
235 
310 
470 
670 



7.2 
16.3 
28 
44 
62 5 
112 
170 
250 
340 
440 
680 
970 



15 



20 



9 

20 
35 
55 
78 
140 
210 
310 
425 
545 
840 
1080 



10.5 
23 
40 
63 
90 
163 
235 
355 
490 
635 
980 
1390 



25 



11.6 
26.5 
47 
71 
100 
182 
275 
410 
550 
705 
1110 
1550 



30 



13 
28 5 
51 
79 
111 
200 
300 
445 
600 
770 
1200 
1700 



35 



14 

31 
55 
85 
120 
200 
325 
480 
660 
840 
1300 
1850 



Assembly Nos.: 

K202A, K202n, K202C 
K203A, K903A 



40 



15 

33.5 
58 
91 
130 
230 
350 
520 
700 
900 
1400 
1950 



50 



16.7 
37 
64 

100 
145 
250 
385 
585 
775 
1010 
1570 
2200 



60 



18.2 
42 
73 

111 

162 
285 
430 
650 
870 
1125 
1730 
2400 



70 



20 
44 

78 

122 
173 
310 
470 
700 
950 
1200 
1880 
2600 




TABLE NO. 6 
Packless Radiator Type Valves 



Valvt Sii« V«lv« Type 



r 

V 
2* 



Straight Thru 
Straight Thru 
Straight Thru 
Straight Thru 
Straight Thru 

Angle 

Angle 

Angle 

Angle 

Angle 



W ATER Capacities in Gals. Per Min 



Assembly Nos. V205 and V605 



DIFFERENTIAL PRESSURE 



1 


2 


5 


10 


15 


SO 1 


25 


85 


35 


7.0 


9.6 


15 0 


20.4 


25.8 


29.3 


32.6 


35 8 


38.3 


11.5 


16.1 


25 0 


35.0 


43.3 


50.0 






• • 


14.3 


20.0 


30.8 


43.3 


53 3 










22.5 


31.0 


48.3 


68.3 












38.3 


53.3 


83.3 


118.3 






41 6 


45.0 


49.1 


8.6 


11.8 


19.1 


26.6 


32.0 


38.0 


18.7 


26.5 


41.6 


57.5 


70.0 


80.0 




* a 




20.3 


28.3 


45.0 


63.3 


76.6 










31.6 


44.1 


70.0 


95.8 












50.8 


71.6 


112.5 


158.3 













TABLE NO. 7 



VALVE CAPACITIES— STEAM 

MHR Single Seated V-Ported Valves 
STEAM Capacities in Lbs. Per Hour (Standard Guide) 



Assembly Nos. K200B, K900, 

V053, K0900 




Valvt 
Sizt 



r 

IV 
11^' 

2 V.' 
3'" 



DIFFERENTIAL PRESSURE 



1 


2 


1 


2 


3 


10 


13 


11 


14 


16 


18 


24 


20 


26 


32 


32 


42 


35 


46 


55 


57 


75 


62 


82 


98 


90 


120 


98 


130 


156 


160 


210 


175 


230 


275 


190 


250 


205 


270 


325 


300 


390 


330 


4 30 


510 


390 


510 


430 


560 


670 


520 


670 


560 


740 


890 



20 

39 
68 
121 
193 
340 
400 
630 
830 
1100 



2 


5 


7 


10 


S 


6 


10 


15 


2 


16 


23 


26 


32 


18 


28 


35 


42 


22 


31 


44 


50 


60 


33 


53 


65 


77 


41 


53 


77 


87 


100 


60 


94 


115 


135 


68 


96 


140 


158 


182 


110 


170 


205 


240 


120 


152 


220 


250 


290 


174 


265 


320 


380 


190 


270 


390 


440 


510 


310 


480 


580 


680 


340 


320 


460 


520 


600 


350 


550 


680 


800 


400 


510 


740 


840 


930 


560 


880 


1080 


1260 


640 


650 


950 


1080 


1240 


740 


1150 


1410 


1650 


830 


860 


1250 


1420 


1600 


970 


1520 


1860 


2180 


1100 



10 



31 
60 
100 
182 
290 
510 
600 
930 
1240 
1600 



42 
78 

135 
240 
380 
680 
800 
1260 
1650 
2180 



15 



50 
95 
160 
280 
440 
780 
950 
1500 
1900 
2500 



50^r capacity guides are available In ^'i sizei only. 



TABLE NO. 8 



Double Seated Bevel Seated Valves 
STEAM Capacities in Lbs. Per Hour 



Assembly No. K201A 
(Fisher No. 5120) 





INLET PRESSURE 




2 Lbs. 


5 Lbt. 


10 Lbt. 




15 


Lbi. 




85 Lbt. 


Silt 
















DIFFERENTIAL 


PRESSURE 


















1 


2 


1 


f 


3 


5 


2 


5 


7 


10 


2 


6 


10 


15 


2 


5 


10 


15 


25 


^' 

1'. 


1 37 
' 66 
. 122 
171 
264 


49 
89 
164 
223 
358 


41 
74 
140 
188 

301 


56 
102 
185 
254 
403 


64 

118 
220 
296 
461 


82 
144 

272 
373 
575 


62 
114 
212 
282 
451 


91 
162 
309 
411 
652 


104 
186 
351 
475 
752 


119 
218 
408 
549 
872 


68 
124 
233 
318 
502 


109 
194 
361 
498 
783 


131 
240 
451 

618 
972 


156 
283 
535 
720 
1121 


82 
144 

272 
373 
575 


117 
212 
401 
540 
859 


153 
279 
526 
705 
1119 


184 
331 
622 
843 
1316 


224 
407 

761 
1022 
1620 
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TABLE NO. 9 Double Seated Characterized V-Ported Valves Assembly Nos. K201B and K901B 

MHR Valve Body No. Vr)37H STEAM Capacities in Lbs. Per Hour (Fisher Nc. 5007) 



INLET GAGE PRESSURE 



VALVE 
SIZE 


2 Lbi. 1 


5 Lbs. 


10 Lbs. 1 


1 5 Lbs. 1 


25 Lbi. 
















DIFFERENTIAL 


PRESSURE 
















1 




1 




3 


5 


2 


5 


7 


10 


2 


6 


10 


15 


2 


5 


10 


15 


25 




65 


85 


70 


95 


110 


140 


105 


150 


180 


200 


120 


180 


230 


260 


140 


200 


260 


305 


360 




95 


120 


110 


140 


160 


200 


160 


230 


260 


300 


180 


280 


340 


400 


200 


300 


400 


460 


550 




160 


220 


180 


240 


280 


350 


280 


400 


450 


530 


300 


480 


600 


700 


350 


520 


700 


810 


950 




260 


350 


300 


380 


450 


550 


450 


650 


730 


850 


500 


760 


950 


1100 


570 


850 


1100 


1300 


1500 


lit* 


350 


460 


400 


510 


600 


750 


600 


850 


1000 


1120 


650 


1050 


1280 


1500 


760 


1100 


1460 


1780 


2000 




600 


770 


650 


860 


1000 


1280 


1000 


1400 


1610 


1900 


1100 


1770 


2200 


2500 


1300 


1900 


2500 


3000 


3500 




750 


1000 


850 


1120 


1300 


1600 


1270 


1810 


2100 


2410 


1400 


2200 


2700 


3200 


1610 


2400 


3200 


3750 


4400 


3' 


1300 


1700 


1400 


1850 


2200 


2700 


2100 


3000 


3400 


4000 


2300 


3750 


4500 


5400 


2800 


4000 


5300 


6350 


7200 


3^' 


1600 


2100 


1790 


2300 


2700 


3300 


2600 


3800 


4400 


5100 


3000 


4600 


5600 


6600 


3500 


5000 


6600 


7800 


9000 


4' 


1830 


2450 


2000 


2650 


3200 


3800 


3000 


4400 


5000 


5700 


3350 


5200 


6400 


7600 


4000 


5700 


7500 


9000 


1000 


S' 


3600 


4800 


4000 


5200 


6200 


7600 


6000 


8600 


10000 


11300 


6700 


10300 


12700 


15000 


7900 


11300 


15000 


17900 


20300 


6' 


4200 


5500 


4600 


6100 


7300 


8900 


7000 


10000 


11500 


13500 


8000 


12000 


14800 


17400 


9300 


13000 


17000 


20700 


23500 



TABLE NO. 10 STEAM Capacities in Lbs. Per Hour 

MHR Valve Body No. V578A Assembly Nos. V054, K0901 

INLET GAGE PRESSURE 



VALVE 
SIZE 


2 Lbs. 


5 Lbs. 


i 1 0 Lbs. 


1 5 Lbs. 


25 Lbs. 
















DIFFERENTIAL 


PRESSURE 
















1 


2 


1 


2 


3 


5 


2 


5 


7 


10 


2 


6 


10 


15 


2 


5 


10 


15 


25 




48 


63 


53 


70 


83 


100 


80 


120 


135 


155 


90 


140 


175 


210 


105 


155 


210 


240 


280 




85 


107 


98 


125 


148 


178 


142 


215 


240 


275 


160 


250 


310 


375 


188 


275 


375 


430 


500 


1' 


115 


154 


134 


170 


205 


245 


195 


290 


325 


370 


220 


340 


430 


510 


250 


370 


510 


580 


680 


1>^' 


163 


210 


180 


235 


280 


340 


270 


390 


450 


530 


310 


480 


580 


680 


350 


530 


680 


810 


920 


14' 


210 


270 


230 


300 


360 


440 


350 


510 


570 


680 


390 


620 


740 


870 


460 


680 


870 


1040 


1200 


2* 


300 


400 


335 


440 


530 


640 


510 


740 


840 


990 


570 


910 


1080 


1280 


660 


990 


1280 


1520 


1710 


2^"' 


430 


570 


470 


620 


750 


920 


720 


1050 


1200 


1400 


800 


1250 


1550 


1800 


950 


1400 


1800 


2150 


2450 


3^' 


570 


750 


620 


810 


970 


1190 


920 


1320 


1500 


1760 


1010 


1650 


1980 


2370 


1210 


1760 


2370 


2800 


3170 



TABLE NO. 11 Pilot Operated Valves 

MHR Valve Body Nos.: STEAM Capacities in Lbs. Per Hour 

V58A, V58B, V58C (Pilot Operated) (Belfield FB) 



Assembly Nos.: 

K202A, K202B, K202C 



VALVE 
SIZE 


INLET GAGE PRESSURE 


2 Lbi. 1 


5 Lbs. 1 


10 Lbi. 1 


15Lbt. 1 


25 Lbs. 


DIFFERENTIAL PRESSURE 


1 


2 


1 


2 


3 


5 


2 


5 


7 


10 


2 


6 


10 


15 


2 


5 


10 


15 




30 


42 


32 


45 


54 


70 


49 


70 


93 


110 


54 


95 


125 


140 


62 


100 


140 


165 




65 


95 


71 


105 


130 


155 


115 


170 


200 


240 


125 


200 


270 


300 


140 


225 


300 


370 




125 


170 


131 


180 


225 


285 


200 


320 


355 


420 


225 


370 


475 


550 


250 


390 


550 


650 




190 


275 


200 


295 


350 


450 


320 


500 


560 


650 


350 


580 


740 


850 


395 


600 


850 


1060 




275 


390 


295 


420 


505 


640 


460 


700 


800 


970 


500 


800 


1100 


1300 


550 


900 


1300 


1500 




460 


650 


500 


700 


850 


1100 


775 


1295 


1440 


1600 


810 


1450 


1800 


2100 


955 


1500 


2100 


2600 




695 


1000 


745 


1100 


1350 


1650 


1250 


1860 


2200 


2500 


1350 


2200 


2800 


3200 


1470 


2450 


3200 


3900 


3* 


1050 


1500 


1150 


1600 


1900 


2500 


1750 


2750 


3100 


3700 


1900 


3200 


4050 


4700 


2200 


3500 


4700 


5800 


3%' 


1440 


2000 


1500 


2250 


2700 


3400 


2500 


3800 


4250 


4900 


2700 


4400 


5700 


6500 


2950 


4600 


6700 


8000 


4' 


1900 


2750 


2000 


2900 


3oOO 


4500 


3300 


5000 


5800 


6900 


3500 


6000 


7950 


8800 


4000 


6500 


8800 


10700 


5' 


3000 


4200 


3200 


4500 


5050 


6400 


5000 


7300 


9000 


10300 


5500 


9400 


12000 


13800 


6300 


9900 


13800 


16900 




4100 


6000 


4400 


6500 


8000 


9800 


7500 




































■ • 

















For 5-lb. flaflt • 2-lb. prcuurc drop and for 2-lb. gagt a 1-lb. pressure drop may bt assumed In normal cases. When valves are dote to the source of supply, higher 
pressure drops may be eipected. Allowances for special conditions should always be made in assuming pressure drops. 
Whenever possible, the actual pressure drop should be measured or computed and valves sized accordingly. 



TABLE NO. 12 

Packless Radiator Type Valves 



STEAM Capacities in Lbs. Per Hour 



Assembly Nos. V205 and V605 



VALVE 
SIZE 



r 

2' 



VALVE 
STYLE 



Straight Thru 
Straight Thru 
Straight Thru 
Straight Thru 
Straight Thru 

Angle 

Angle 

Angle 

Angle 

Angle 



INLET GAGE PRESSURE 



2 Lbs 



5 Lbs. 



1 0 Lbs. 



1 5 Lbs, 



25 Lbs. 



DIFFERENTIAL PRESSURE 



1 



66 
110 
140 
220 
360 

85 
170 
180 
300 
450 



92 
150 
180 
295 
480 
110 
225 
240 
400 
620 



1 



73 
125 
150 
240 
400 

93 
190 
200 
330 
520 



100 
165 
200 
320 
525 
125 
245 
260 
440 
660 



115 
200 
240 
375 
625 
150 
300 
310 
525 
800 



145 
245 
300 
460 
760 
185 
370 
380 
650 
975 



2 


5 


7 


10 


2 


6 


10 


15 


2 


110 


165 


190 


220 


125 


200 


240 


280 


150 


195 


280 


320 


375 


220 


340 


410 


500 




230 


330 


375 


450 


260 


400 


500 


580 




370 


540 


610 


700 












600 


800 


1000 


1150 












140 


210 


240 


280 


160 


260 


310 


375 


190 


280 


420 


475 


550 


320 


510 


620 


710 




300 


440 


500 


580 


340 


530 


650 


750 




510 
760 


750 
1100 


850 
1275 


975 












1440 










■ 



220 



280 



10 



290 



370 



15 



340 



440 
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NOTE: Refer to pages 29 thru 35 to identify valve body numbers shown above with the proper complete valve assembly. 
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VALVE BODIES 



The V537F is of the bronze body type with the bronze 
trim. The valve seats are of the screwed insert type and 
are renewable. This valve is not available with any trim 
other than the bronze. Since it is a bevel seated non- 
throttling type valve, a lift coefficient table is not shown. 

The 5007 or V537B has a semi-steel body with a stand- 
ard trim of Duromite bronze for standard service, and a 
special trim of KA2 stainless steel for high pressure, high 



temperature service. The valve seats are of the insert 
type and are therefore renewable. 

For brine service select a valve body of material the 
same as the pipe line in order to prevent electrolysis and 
hydrolysis with resultant deteriorating affect on the valve. 

The V575A and V575B has a bronze body with bronze 
trim, and renewable composition discs. 



VALVE TRAVEL COEFFICIENTS 



The starred lifts shown on the following lift coefficient 
tables are the lifts which will allow the valves to pass 
the quantities shown in valve tables and charts. 

For example: The starred lift of 3" \ 537B from Table 
No. 2 is V/2". This is considered as the normal lift of 
the valve and will give flow capacity as showTi on Table 
No. 9, page 17, and the Chart on page 18. This valve, with 
a two-pound inlet pressure and one-pound differential, with 
a starred lift of 1%" will permit the flow of 1,300 pounds 
of steam per hour, as shown on Table No. 9. If a change 
in the capacity of the valve is desired, the lift, of course, 
must be varied. 



If it is desired to reduce the capacity of this same valve 
to 900 pounds of steam per hour, the lift coefficient is 
esUblished by dividing 900 by 1,300, which equals .692. 

Next refer to coefficient Table No. 2, and for the 3" 
size valve follow across the table to the right until a 
figure close to .692 is found. In this case it will be found 
to be .684. The correct lift to use in order to get a flow 
of nearly 900 pounds per hour is then found at the top of 
the column as 1". 

To check back, multiply 1,300 by .684 and obtain 888 
pounds of steam per hour, which is close enough to 900 
pounds for all practical purposes. 



V575 
TABLE NO 1 
STEAM, AIR, GAS, AND LIQUID CHART 



Valve 

Siz« in 
Inches 


Valve Openins in Inches 


Full Open 
position of 
Valve % 
Inches 








% 






% 




1 


% 




.197 


.273 


.345 


.409 


.470 


.537 


.606 


.690 


.884 












• 


. . 












1 


.152 


.208 


.266 


.312 


.343 


.373 


.426 


.487 


.648 




























.076 


.149 


.208 


.253 


.279 


.317 


.361 


425 


.621 




2 












































2Vft 


.119 


.150 


.188 


.219 


.250 


.281 


.313 


.351 


.532 


e 


3 




























• ■ ■ . 












i 


1 



V537B (Fisher 5007) K201B, K901B 

TABLE NO. 2 
STEAM, AIR, AND GAS CHART 



Pipe Siie 
ol Valve, 

Inches 



1 

2 

— 

3 
4 



Valve Opening, Inches 



162 

163 



141 
088 



059 
027 



312 

.336 



261 



514 

581 



445 

321 



723 
781 



.663 



214 

133 

08 
058 

.057 
.044 

02 



887 
888 



867 
658 



489 

323 

18 
109 

115 
083 

.046 



Sing 
104 



1 07 
890 



809 
562 

32 
186 

.211 
134 

10 



le S 



a 

814 



cate 



1 06 



.60 
.381 

438 

.31 

.27 



1*4 



91 

.608 

664 
534 

51 



822 

890 
77 

79 



1M8 



1.24 



Pipe Siie 



TABLE NO. 3 
LIQUID CHART 



Valve Opening. Inches 



Of Vtlvt 

Inches 






% 


1^ 




% 


\ 


1 


1 U 






2 




.168 
.152 


.529 
.588 


.91 
933 


a 
a 


1.05 
1.04 


Sins 


icSf 


itcd 




















1 


.14 

.110 


.430 

.36 


861 

.717 


a 

.839 


1.08 
923 


a 
















.065 
.047 


.204 
.16 


.503 
35 

.18 
115 


682 
^6 


817 
58 


a 

82 


1.1 1 
• 




... 










.03 
.035 


08 

063 


.24 
147 


.32 
.185 


.48 

273 


.60 

379 


91 
582 


a 

792 


' a 


• 


• • 


3 
4 


018 
08 


064 
041 


138 
089 


.178 

107 


227 
136 


326 
.21 


435 
.3 


671 
.49 


857 
79 


a 
a 






6 


0067 


.0223 


059 


.07 


105 


17 


272 


.51 


782 


a 


1.122 


1.165 
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RADIATOR VALVES 


VALVE SIZE 


PRESSURE 


RATINGS 


4f Valvt Spring 


10^ Valve Spring 


V052B Single Seated, 
3' Tops 

^j* Screwed 

%' : 

r 


50 
36 
18 


48 

18 
9 


V0500A, Single Seated, 
4' Tops 

W Screwed 

V 

1 w 

r" 


50 
50 
50 
45 
30 
15 


50 
50 
37 
22 
15 
7 



COIL VALVES 
Normally Open — Standard Tops 


VALVE SIZE 


PRESSURE RATINGS 


5^ Valve Spring 


Valvt Spring 


12^ Valvt Spring 


V053A. Single Seated, 
4' Top 

*)4 Screwed 

^» • 

r 

IV 


125 
125 
125 
125 
75 
45 
30 


125 
125 
125 
90 
50 
30 
20 


125 
125 
106 
45 
25 
15 
10 


V053B, Single Seated, 
7' Top 

2' Screwed 

2 4' 

3* 

3 4' Flanged 


27 
18 
12 
9 


18 
12 
8 
6 


9 
6 
5 
5 


V053C, Single Seated, 
10* Top 
4' Flanged 
5' • 
6' ' 


27 
21 

12 


18 
14 
8 


9 
7 
5 


V054A, Double Seated, 
4' Top 

Screwed 

r 

1U' ' 

IK.' 

2'" 


150 
150 
150 
150 
150 
120 


150 
150 
150 
150 
150 
80 


150 
150 
150 
142 
90 
40 


V054C, Double Seated, 
r Top 

2 4' Screwed 
3' 

3 V Flanged 


150 
150 

135 


140 

100 
90 


70 
50 
45 


V054E, Double Stated, 
1 0' Top 

4' Flanged 
5' ^ 
t' 
8' 

10' • 


120 

105 
90 
60 
30 


80 
70 
60 
40 

20 


40 

35 
30 
20 
10 


COIL VALVES 

Normally Open — Oversize Tops 


VALVE SIZE 


PR 


ESSURE RA.I>I 


GS 


5^ Valvt Spring 


B^Valvt Spring 


12/ Valve Spring 


V053B, Single Staled, 
r Top 

Screwed 

r 

IV 

1 W 


125 
125 
125 
75 
48 


125 
125 
84 
50 
30 


125 
70 
42 
25 
18 


V053C, Single Seated, 
10^ Top 

2' Screwed 

24' 
3' 

3»^' Flanqrd 


105 
63 
45 

33 


70 
42 
30 
22 


35 
21 
15 
11 



COIL VALVES 



VALVE SIZE 


PR 


ESSURE RATINi 


5S 


5# Valvt Soring 


8^ Valvt Spring 


12/ Valve Spring 


V053E, Single Seated, 
4' Top 

4' Screwed 

r 

IV 






90 
90 
50 
30 


V054B, Double Seated, 
4' Top 

4' Screwed 

r 
1 

1 »»2' 

2' 


150 
150 
150 
125 
90 
40 


150 

150 
150 
150 
150 
80 


150 
150 
150 
150 
150 
120 


V054D, Double Seated, 
7' Top 

2 4' Screwed 

3 4' Flanged 


70 
50 
45 


140 

100 
90 


150 
150 
135 


V054F. Double Seated, 
10' Top 
4' Flanged 
5' " 
6' - 


40 
35 
30 


80 
70 
60 


120 
105 
90 



COIL VALVES 
Normally Closed — Oversize Tops 


VALVE SIZE 


PRESSURE RATINGS 


12^^ Valve Spring 


V053F, Single Seated, 
7' Top 

4' Screwed 

r 

IV 
1 4' 

2' 


125 
125 
100 
60 
45 
35 



GRAD-U-TROL VALVES 



VALVE SIZE 



3' 



PRESSURE RATING 



K0900A 



125 
125 
125 
125 
100 
65 
45 
25 
15 
10 



K0901 A 



150 
150 
150 
150 
150 
150 
125 
125 



THREE-WAY 
MIXING VALVES 
Standard Tops 


THREE-WAY 
MIXING VALVES 
Oversize Tops 


VALVE 
SIZE 


PRESSURE 
RATING 

Unbalanced 
Pressure 


VALVE 
SIZE 


PRESSURE 
RATING 

Unbalanced 
Pressure 


V055A, 4' Top 

4' Screwed 

V 

1 V ■ 

14' " 
2' 


60 
60 
37 
23 
16 
9 


V055B, 7' Top 

4' Screwed 

y 

IV • 

14' 


60 
60 
60 
60 
40 
24 


V055B, 7' Top 

2 4' Screwed 
3' 


12 
8 


V055C 10' Top 

2 4' Screwed 
3' 


42 

30 


V055C. 10' Top 
4' Flanged 
5' ^ 
6' 


18 
14 
8 







(1) These maximum pressure ratings are based upon a minimum of 15 lbs. in the branch line to the valve when the leakport 
of the controller is closed off. 

(2) The pressure rating for Three-Way Mixing Valves is the unbalanced pressure between the two inlets to the valve. 
The valve bodies are rated at 125 lbs. See page 37 for Pressure Rating of K0903B. 
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M204 and M904 Modutrol Motors with Q601B Linkage 
M-H-R V575A (Installed with pressure over the seat) 



Maximum Static Pressure=125 lbs. 
M-H-R V537B. (Fisher 5007) 



M-H-R V537F* 



K200 and K900 



Valve Size 


PRESSURE RATINGS 


30-Second Motor 


60-Second Motor 


120- Second Motor 




125 


125 


125 




125 


125 


125 


1" 


115 


125 


125 




75 


105 


105 




55 


75 


75 


2" 


30 


45 


45 


2%" 


18 


25 


25 


3" 


12 


15 


15 


Maximum Static Pressure — 125 lbs. 






M204 and M904 Modutrol Motors with Q601B Linkage. 
M-H-R V575A (Installed with pressure under the seat) 


K200 and K900 


Valve Size 


PRESSURE RATINGS 




30-Second Motor 


60-Second Motor 


120-Second Motor 




125 


125 


125 




125 


125 


125 


1" 


75 


85 


85 


1%" 


50 


60 


60 




35 


40 


40 


2" 


20 


25 


26 




13 


16 


16 


3" 


8.5 


10 


10 



K201C, K201B, K901B 



Valve Size 


PRESSURE RATINGS 




30-Second Motor 


60-Second Motor 


120-Second Motor 




150 


150 


150 




150 


150 


150 


1" 


150 


150 


150 




150 


150 


150 




150 


150 


150 


2" 


125 


150 


150 


2%" 


100 


150 


150 


3" 


75 


145 


145 




65 


125 


125 


4" 


55 


105 


105 


5" 


18 


65 


80 


6" 


14 


60 


75 



Maximum Static Pressure = 150 lbs. Screwed. 
Maximum Static Pressure = 125 lbs. Flanged. 



♦V537F, available only in sizes thru 1^". 



M-H-R V581A 



(Maximum Static Pressure — 125 lbs.) 



K9I0A 



Valve Size 


PRESSURE RATINGS 


60-Second Motor 


120-Second Motor 


'A" 


60 


60 


H" 


60 


60 


V 


60 


60 




GO 


GO 


IH" 


40 


40 


2" 


25 


25 



Maximum Static Pres8ure=125 lbs. 
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M-H-R V538B (Belfield 3922) K203A, K903A 



Valve Size 


PRESSURE RATINGS 


30-Second Motor 


60-Second Motor 


120-Second Motor 




150 


150 


150 




150 


150 


150 


1" 


90 


90 


90 




50 


60 


00 


IMi" 


25 


40 


40 


2" 


13 


25 


25 




7 


16 


IG 


3" 


3 


8 


11 


3%" 


2 


6 


8 


4" 


1.5 


4 


6 


Maximum Static Pressure=125 lbs. — flanged pattern — 2" to 4" size. 

150 lbs. — ^screwed pattern — %" to 3* size. 

M-H-R V58A, V58B, V58C Belfield Type FB K202A, K202B, K202C 


Valve Size 


PRESSURE RATINGS 


30-Second Motor 


60-Secend Motor 


120-Second Motor 


%" 


150 


150 


150 




150 


150 


150 


I'' 


150 


150 


150 


IV4'' 


150 


150 


150 




150 


150 


150 


2" 


150 


150 


150 


2%" 


150 


150 


150 


3" 


150 


150 


150 


3W 


125 


125 


125 


4" 


125 


125 


125 


5" 


100 


125 


125 


6" 


45 


125 


125 



Maximum Static Pressure=150 lbs. 



THREE-WAY VALVES 

MIXING VALVES 

All pressure ratings for three-way valves given in the 
control manual apply if the valve is used as a mixing 
valve. Pressure ratings on three-way valves refer to the 
maximum unbalanced condition that may exist across the 
valve. In determining the required pressure rating on a 
three-way valve for a given application the maximum 
pressure difference that can exist between the two inlet 
connections must be known. If the valve shown in Figure 
No. 1 is connected as a mixing valve, the pressures on the 
two inlet connections might be 90 lbs. per square inch at 
"B" and 70 lbs. per square inch at **C". The pressure 
difference is 20 lbs. per square in. and if the valve size 
is 2 inch, it may be determined from the pressure rating 
tables for the K203A that a 60 second or slower timing 
motor will be satisfactory since the rating for a 60 second 
motor is 25 lbs. per square inch. 

If under the above pressure conditions the disc in the 
valve shown in Figure No. 1 is either up or down, the pres- 
sure difference "C"-"B'' is 20 lbs. per square inch. The 
pressure difference "C"-"A" or ''B''-*'A" is equal only to 
the pressure drop through the valve, regardless of disc 
position. This pressure drop depends upon flow through 
the valve and is usually relatively low. In a mixing valve 
the force exerted on the valve disc due to the unbalanced 
pressure at the two inlets is always in one direction for a 
given piping arrangement. In the example above with 90 
lbs. at "B" and 70 lbs, at "C" the 20 lb. differential pres- 
sure will always tend to push the valve disc upward. 



A three-way valve is usually applied to control the flow 
of liquids. It may be installed to operate as a diverting 
valve or as a mixing valve, and the only difference is in 
the piping arrangement. 

If used as a diverting valve, the valve is piped so that 
the fluid enters through one connection to the valve and 
leaves through one or both of the other two, depending 
upon the position of the inner valve. In other words, a 
diverting valve is connected with one inlet and two out- 
lets, and the valve is used to divert the entering liquid 
through one of the two outlets. Figure No. 1 shows the 
internal construction of a three-way valve and a diverting 
valve w^ould be connected so that the liquid enters at "A" 
and leaves through either "B" or "C", depending upon the 
position of the disc. 



If a three-way valve is piped to operate as a mixing 
valve, fluid from two separate sources enters the valve 
at two connections and leaves the valve at the third con- 
nection. Depending upon the position of the valve disc, 
fluid is mixed in the valve in various proportions from the 
two inlets and leaves through the outlet. A mixing valve 
is always used to blend or mix fluids from two separate 
sources and discharge the mixture into a third line. In 
Figure No. 1 the valve would be piped for mixing applica- 
tion with the discharge from "A*' and the two inlets con- 
nected at ''B" or "C". 
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DIVERTING VALVES 

If the valve in Fi^re No. 
1 is used as a diverting valve, 
the liquid would enter at "A" 
and leave through either "B" 
or "C", depending upon disc 
position. Assume that the 
liquid entering at "A" is at 
20 lbs. per square inch pres- 
sure and that **B" is connect- 
ed to discharge the liquid to 
atmosphere while '*C" is con- 
nected to a tank under a con- 
stant pressure of 10 lbs. per 
square inch. Actually the 
pressure difference across 
any two valve connections is 
20 lbs. ''A"-"B" and 10 lbs. 
"A"-**C". Pressure rating 
tables for three-way valves 
wou^d indicate that if a 2 inch _ 
\h,U2 is required, a motor with 60 second timmg or slower 
will operate the valve satisfactorily. This is not true, 
and pressure rating tables for three-way valves do not 
apply to three-way valves used as divertmg valves. 

The reason for this is that in a diverting valve the un- 
balanced pressure across the valve connections does not 
exert force on the valve disc in the same direction for all 
positions of the disc. In the example above, if the valve 
disc in Figure No. 1 is down and assuming that the area 
of the disc is two sq. in. there would be a force of 40 lbs. 
tending to hold the disc down against the lower seat. If 
the disc is up, there would be a force of 20 lbs. in the 
opposite direction tending to hold the disc up against the 

upper disc. ^ j 

If the valve disc is down against the lower seat and 
starts to move upward toward the upper seat, the pressure 
exerted on the disc transfers from a downward pressure 
to an upward pressure throughout the stroke of the valve. 
However, at some critical position of the disc, usually 
near the upper or lower seats, this pressure transfer is 
quite rapid and in some cases almost instantaneous. ITiis 
rapid transfer of force, if the force is large enough, will 
overcome the strain release in an electric valve or the 
spring and diaphragm balance in a pneumatic valve and 
the disc will slap or bounce against the seat, causing 
water hammer. Most of the difficulty with diverting 
valves is caused by this condition. 

A three-way valve may be used as a diverting valve if 
the pressure on all three connections is practically the 
same for all positions of the valve disc. Actually, such 
conditions rarely exist, which is the reason for our general 
recommendation that our three-way valves be used as 
mixing valves only. For diverting valve applications* it 
is recommended that two globe valves be used in place of 
one three-way valve. Also, if pressure differences are 
higher than the ratings for three-way valves used as mix- 
ing valves, two globe valves should be used. 

APPLICATIONS 

Figure No. 2 and Figure No. 3 represent two very com- 
mon installations using three-way valves. Figure No. 2 
represents the installation of a three-way valve on a coil 
to cause the liquid to circulate through the coil or bypass 
the coil. Either hookup will accomplish the desired re- 
sults. The valve is applied as a diverting valve in Figure 
No. 2A and as a mixing valve in Figure No. 2B. Installa- 
tiojic of this type should always be made as shown in 
FijTure No. 2B so that the valve will have two inlets and 
one outlet and operate as a mixing valve. 

Figure No. 3 illustrates the same hookup as in Fig^ire 
No. z except as applied to an air washer. The valve 
should be installed as shown in Figure 3B to operate as 
a mixing valvp. 




I 



Figure 2 



It is extremely important to connect the piping properly 
to a three-wav valve. The V581A and V581B three-way 
mixing valve bodies used in the K910A and K0903B valve 
assemblies are suitable only for mixing valve service and 
are stamped with an arrow near the common pipe con- 
nection to show flow toward the outlet (common) pipe 
connection. 

Each pipe connection of the V538B valve is marked with 
the letters A, B or C as shown in Figure 1. The letter A 
identifies the common pipe connection, which is the outlet 
on a mixing valve and the inlet on a diverting valve. 






c 


B 






< 




< 




1 
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Figure 3 







BOILER 
CONVE 


OR 
RTOR 


e 





CIRCULATOR 

Figure 4 

Hook-up showing schematic arrangement of equipment 
and piping for a three-way mixing valve to allow constant 
circulation of ^ er thru coil at all times when circulator 
is running. 
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Types V205 and V605 




3i 



3^- 

^16 



—J 





V205A and V605A with angle body (dotted lines show straight-through offset body) 





V205A and V605A with straight-through non-offset body. (See figure above for power unit dimensions) 



ANGLE VALVE BODY 




STRAIGHT THROUGI 
VALVE BOC 


H OFFSEl 


r 


Slf« 


A 


B 


C 




Siz« 


A 


C 


D 


E 


\' 






7%' 












1%' 


1' 


3%' 




7%' 






3^' 


7%' 










1%' 








3%' 


7»l^' 












7%' 






3%' 


7^' 




2%' 


2' 


4%' 


2hi' 


8»^' 




2' 


4%' 


8»^' 


1^' 





STRAIGHT THROUGH NON-OFFSET 

VALVE BODY 


Sixt 


A 


E 


F 


c 




3»^' 


1%' 




7»^' 




3%' 




r 


5%' 




3%' 


2'/(i' 








4V^' 


2Mk' 




9' 


2' 


5>»^' 


2"^' 




9%' 
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THE MODUSTAT 
Types V505A and V506A 




NATON 



Dimension 


MODUSTAT SIZE 




\' 


V 


A 








B 


2^ 


2^ 




C 








D 


101^ 


10V6 




E 


2% 


2^ 




F 






2V6 



LJ 



PNEUMATIC UNIT VENTILATOR VALVES 

Type V056A Angle 




V056A Straight-through Valve 



Valve Size 


1 


V 1 1 1-1 V^' 1 2' 


A 


5 


5 


5 


5 


5 


B 










516 


C 




1 


1^ 




1»V6 


D 


2% 


3^ 


3»^ 


3% 




E 




7H6 


8'/6 


8»/6 




F 




1^ 




2 


2>4 


Type V056A St. Thru 


Valve Sire 1 ^4' 


1' 


1 1-V 




2' 


A 


5 


5 


5 


5 


5 


B 










5'^ 


C 




V/6 


1'>^ 


2 


2»/6 


D 


2>»/6 


3!4 


3% 


3>»/6 


4% 


E 








716 


7"/6 


6 


1*6 


1^ 


2 


2»4 


2*^ 




ELECTRIC UNIT VENTILATOR VALVES 

Types V522A and V522B 



Valve Size f ^i' | 1' | 1 U 


A 






2 I. 


B 


2'i* 


3^ 




C 


2\ 


3 




D 




3'ii 




E 


2W 


2'u 


2 


G 


3^4 




• 


H 










V522 Straight-through Valve 
(End View of upper valve) 



V522 Angle Type Valve 
(Side View of upper valve) 
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Figure 1 
Angle Valve 



Figure 2 
Globe Valve with Union 



ROUGHING-IN DIMENSIONS 



Valve Size 


A 


B 


C 


D 1 


E 


F 


G 


H 






















A% 


A% 






2'b 




2»*^ 


1% 


r 


4% 








3^ 




3>/(« 


1% 




A% 


A% 


1% 




3% 


2»^ 


3% 


2 


1 1^' 




4% 




2 


3% 


214 


V% 


2»4 


2' 




4% 




2^4 


4Mi 




4% 


2*16 



V0500A— Radiator Valves. 



T 



Figure 3 




Angle Valve— 3" Top 



Valve Size > 


1 


^4' 


r 


A 


3% 


3% 


3^8 


B 






4»4 


C 






1 


D 




23^ 


31^ 


E 


6% 


6% 




F 




i»/r6 





Globe Valve— 3" Top 



Valve Size 






r 


A 


3 '8 


3'« 


3 '8 


B 


4»»4 


41^ 


4V4 


C 






^% 


D 


2'»/fc 




3% 


E 








G 


1Mi 


1% 


1^ 



z 



T 




Figure 4 



T 

i 



1 
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M-H ENGINEERING DATA 

ELECTRIC xMOTORIZED VAL\^S 



Types K200, K201C, K203 






Fis. 1— Dimensional drawing of screwed 
Type K200B Motorized Valve. 



Fig. 2 — Dimensional drawing of screwed 
Type KS01C Motorized Valve. 



Fig. 3 — Dimensional drawing of screwed 
Type K203 Motorized Valve. 



ALL VALVES SHOWN IN CHART BELOW ARE OF THE SCREWED TYPE 



SIzt 1 


i Asms- 

' biy 


Valvt 


Body Fifurc 




Dimtniions 


Ats€m- 

bly 


Valve 


1 


^ Dimtnsloni In Inches 


1 

1 Atsew- 

! bIy 


VeUe 


1 


1 Dimcniiont in lficK«s 




B 1 C 


D 


A 


I B 


C 


D 


1 E 


(A 


1 i 


1 c 


D 






K800B 


V575A30 


Bronze 








■/ft 




K801C 


V537F1 


2 


,3U 


1 




2 

) 




K803A 








^^^^ 


r 










V575A31 


m 








'/ft 


2>.« 


• 


V537F2 






;i6\ 


.2V| 


2 






VS38B1 


3 


2% 


1514 


1>»4 


1% 


"% 


W 




V575A1 


m 


• 








2Hi 


m 


V537F3 


m 


3^ 


j16'^ 


2^ 


2W 


% 




V538B2 


m 




16'"m 


2\ 


2V4 


4 






V575A2 


m 


• 






1^ 


2«4 


m 


V537F4 


m 




17% 


2^ 


2% 


% 




V538B3 


m 




17% 




2»4 


% 


Y 




V575A3 




• 
• 


3T4 


15 -s 


1^ 

1*1 


2*4 
2li. 


• 


V537F5 


m 


4 -ft 


17 1, 








VS3864 


m 


3>Wi 


17% 


3' 


' " ^4 




1 V/ 




V575A4 






V537F6 


m 




18>4 


3 


2?ft 


4 




VS38B5 


m 




18»4 


34 


2»^ 


1 






V575A5 


• 


m 








2^4 




















VS38B6 


m 


4% 


19% 


4% 


3% 


ihI 


r 




V57SA6 


• 


m 




164 


1»J 


2% 






































VS7SA7 


m 


m 


6% 


IBS 


— 1 


4 


































y 1 




V57SA8 


m 


m 


7% 


19*^ 


2^S» 


44 






































V575A24 




m 


8 








































V 1 




V A95 


• 


m 
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M-H ENGINEERING DATA 

ELECTRIC MOTORIZED VALVES 



Type K910A Three-Way Mixing Valve 




K910A Three-Way Mixing Valve (See Fig. 1) 



Sizt 


Asstmbiy 


Valvt 


Patttrn 


Mattrlal 


Dimensions in Inchts 


A 


B 


C 


D 




K910A 


V581A1 


Screwed 


6ronze 














V581A2 


m 




3% 












V581A3 


m 




3% 


2»l^ 






1 v/ 




V581A4 


m 






2»^ 










V581A5 


m 




4% 


2'».i. 


2'^ 


17 


r 




V581A6 


m 




5'^ 


3^ 


2»/(t 


17>*.U 
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M-H ENGINEERING DATA 

ELECTRIC MOTORIZED VALVES 

Types K900, K901, K903 





Fig. 4 — Dimensional drawing of screwed 
type K900B Motorized Valve 



Fig. 5 — Dimensional drawing of screwed 
type K901B Motorized Valve 




Fig. 6 — Dimensional drawing of screwed 
type K903A Motorized Valve 




ALL VALVES SHOWN IN CHART BELOW ARE OF THE SCREWED TYPE 



Sixt 



3. 



r 



5' 



3' 



V4' 



1* 



1^' 



1^' 



K!»OOB h.Klv 



Assembly 


Valve 


Fi9. 


1 Dimensions in Inches 


A 


B 


1 c 


1 D 1 


K900B 


V575A30 


1 




15»'i» 


% 


2*4 


• 


V575A31 


• 


2% 






2*1. 


K900B^ 


V575A1 


4 


2% 




1% 


2»i. 


m 


V575A2 








1V6 


2*ii 


m 


V575A9 




3% 


15% 


1^ 


2»i. 


m 


V575A4 




3% 




1% 


2-M 


m 


V575A5 








1*^ 


2li* 


m 


V575A6 




5"ii 




l'«i 


2^ 


m 


V575A7 




6% 


18% 




4 


m 


V575A8 




7% 


19^1 


2% 


4^ 


K903A 


V538B1 


6 




15'^ 


1"i, 


1% 


• 


VS38B2 




2«»ii 




2% 


2'it 


• 


VS38B3 




3M 


17% 




2*1. 


m 


V538B4 




3^% 


17% 


3U 


2U 


m 


V538B5 






18'4 




2'|i 


m 


VS38B6 i 


• 1 4% 


19% 


4^ 


3U 



Assembly 



Valve 



— K901B 



V537B1 



V537B2 



V537B3 



VS37B4 



V537B5 



V537B6 



V537B7 



V537B8 



1 



IS 



Fis. 


Dimensions in Inches 


A 


1 B 


1 c 


1 D 


E 


5 




18% 


3U 


3^ 






54 


18% 


3^ 


3H 






6 


20% 


4 


4 


% 




6 


20% 


4 


4 


% 




1\ 


22 4 


4»«/(s 


5»ii 


% 




9% 


23% 


5% 


5% 


1V4 




9 


24>*i 


6 




14 




11«/<, 


26^1 


6% 


7Wi 


14 






• 




















































t ^^^^ 




















■ 










- 1 











trrialB same as K2oi)|j. Si^- tablt . pa^* 28. Also available in and ^ 



'^«'L• K200B for dimensions. 
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I 




Siic 


Antmbly 


Valve 


Pattern 


Figure 




1 III V 1 1 


liont in 

VlWIIV III 


IIIVIIV9 




A 




c 


D 


E 




KS02A 


V58A1 


Screwed 


2 


3 


15'»^ 








\' 


m 


V58A2 


m 




3 


15»»^ 




2% 




1* 


m 


V58A3 


u 




3% 




1% 




lit 




m 


V58A4 


m 




414 


17'^ 










m 


V58A5 


a 




4% 


17»»i* 




3% 




2* 


m 


V58A6 






s% 


18»»^ 


2U 


A% 






K202B 


V58B1 


• 






19>»^ 


234 


4'Vii 




3' 


m 


V5882 


m 




GO 


201^ 


3% 


4">(i 






K202C 


V58C1 


Fianged 




11 


24 » '^6 


5 


7% 


1 


4' 




V58C2 


a 




12 


24'»<6 








S' 


a 


V58C3 






13 




6 




1^6 


6' 


m 


V58C4 






16 


32»»^ 


8 


12^6 






Fia. 2— Oimensional drawing of Type K202A 
Motorized Valve with V58A valve body. 



Fig. 3 — Dimensional drawing of Type K202C Motorized Valve 

with V58C valve body. 
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M-H ENGINEERING DATA 



ELECTRIC MOTORIZED VALVES 



Types K201B. K203 (Flanged) 





Fij. 4— Dimeniional drawing of flanscd Type K201B 

Motorized Velve. 



Fi9. 



imentional drawins of fUnsed Type K203 
Motorized Velve. 



Silt 


Atttmbly 


VaUt 


FIf. 




KS01B 


V537B28 


4 


m 9 




V537B29 


m 






V537B30 


m 


^ 9 




V537B31 


m 






V537B9 


m 


M 9 




V537B10 


m 


m 9 




V537B11 


m 


A 9 




V537B12 


m 



Dimcniloni in Inchn 



10H 



12\ 



^4% 



B 



22^ 



23% 



24>!4 



26^ 



29"^ 



30"^ 



30'«i. 



4 'Mi 



5% 



6\ 



9% 



5»4 



576 



6% 



7% 



8^ 



9^ 



1^ 



14 



14 



14 



Ats«mbly 



KS03A 



Valvt 



V538B7 



VS38B8 



V538B9 



V538B10 







Dimtntloni in Inches 




Fit. 


A 


8 


C 


D 


E 


























5 


9 


21'^ 


s% 


44 


1% 


• 


10 


23% 


6% 




1% 


■ 


11 




7 


s% 


^% 


• 


12 




814 
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ELECTRIC MOTORIZED VALVES 

Types K901 and K903 (Flanged) 




ALL VALVES SHOWN IN CHART BELOW ARE OF THE FLANGED TYPE 


Silt 


Antmbly 


Valvt 


Fi9. 




Dimcnfions in lnch«s 


Ancmbly 


Valve 


Fi9. 


Dimensions in Inches 




A 


B 


C 


D 


E 


A 


B 


C 


D 


E 




K901B 


V537B28 


2 


8V^ 










































V 




V537B29 


m 


914 


23% 


5% 


5% 


















~1% 






V537B30 


m 






6 


6% 


1% 


K903A 


V538B7 


3 


9 


217^ 


5% 




y 




V537B31 


m 


11^4 


26>^ 


6% 


7'^ 


1^ 


M 


V538B8 




10 


23»^ 


6% 


4% 


17^ 






V537B9 


m 


12% 


26% 


7% 


7% 


1% 


II 


V538B9 


• 


11 


24% 


7 


5% 


1^^ 


4' 




V537B10 


m 




29>'/(i 


B% 


8% 


i>4 


m 


V538B10 


• 


12 


26M« 


81^ 


5% 


1% 


5' 




V537B11 


m 


15% 


30"^ 


9% 




2 


































6' 




V537B12 


m 


17% 


30'% 


9 


9% 


2 
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M-H ENGINEERING DATA 



Roughing in dimensions of motorized valve assemblies 
using V537D and V537E Belfield double seated globe valve 
bodies. 




Screwed Type 





XXXI 



1^ 



i 



Flanged Type 



VALVE ASSEMBLY 



DIMENSIONS IN INCHES 



Motor 
M204A 



Linkage 
Q601 A 



Vdlvc Body 
O . S. Num ber 

V537D1 

V537D2 

V537D3 



MAX. PRESSURE 
With 60 Sec. or 
Slowtr Motor 




•PrtMure r«tin9 bated on 1 20 or 240 second timinf. 
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Type V053 




a 




UiJ " "ILO 



— Z7 



Fi9. 1 

SINGLE SEATED— V053 A (Refer to Fts- 1) 



Fis. 2 

SINGLE SEATED— V053B (Refer to Fis. D 



Valve Sizt 


SCREWED BRONZE BODY 




%' 




\' 


V 




14' 


A 






5% 


5% 






55i. 


B 




V% 






54 


5 4 


54 


C 






V% 


V% 


2^« 


2»^ 


2'u 


D 




i% 


2^ 


3% 


31^ . 


3% 


44 


E 


7V2 


74 




V4i 


7ris 


7«l<« 


7"^ 



Valve Size 



SCREWED BRONZE BODY 





4' 




r 


1V 


14' 


2' 


2 4' 


3' 


A 








9»16 




9»^ 


9^6 


9^6 


B 


8 'M 


8^4 


8% 


8 S 


8»^ 




9"^ 


9»^ 


C 






2'.ii 


2»r6 




2»^ 


2'»^ 


3i<6 


D 




3^6 


3^6 


37^ 


44 


5»16 


6 ''4 


7»l« 


E 


10"^ 


10"^ 




10«»i« 




10»>^ 


10% 


12»*^ 


12»'^ 



SINGLE SEATED NORMALLY OPEN TVPE— V053B & C (Refer to Fig. 1) 



Valve Size 


SCREWED IRON BODY 


SCREWED BRONZE BODY 


SCREWED IRON BODY 


FLANGED IRON BODY 




2 4' 1 


3- 


2' 


2 4' 


3' 


2* 


2 4" 


3' 


4* 


5' 




A 


9»4. 




9 ' 


12%j 


12'u 


12%6 




12^i« 


12' 16 


12' 16 


12>,6 


12'.16 


B 


9^, 


91^ 


9»^ 


11>I6 


12»»^ 


12»l^ 


12^46 


11% 


11 


11«!li 


11 V 


117^ 


C 


2% 


3 


34 


2»^ 


2>»ii 




2% 


3 


34 


4% 




5% 


D 




8 


8U 




6% 


7*1^ 


64 


8 


8^4 


12 


14 


16 


E 


i2'i; 


12^^ 


1 2 


13 5« 


151^ 


15H^ 


14'»1« 


14% 


15^ 


16V« 


17 


17^4 



V053-A, B, C— Normally Open Type. 



DOUBLE SEATED COIL VALVES— Type V054 (Refer to Fig. 2) 



Valvt 

Size 








SCREW 


ED AND FLANGED ENDS 








IV4' 










4* 


5" 


6" 


A 


5 %' 


5 %" 


5 


5 


5 


5 %" 


9 Mi" 


9»V 


12 


12 li," 


12 


B 


5 


5 »>V 


5 


5"V 


5 •/(i' 


9 4' 


9 4" 


9 4' 


12 


12 


12 14' 


C 


1 y^r 




1 14' 


1 •^^ 


1 %' 


3 Vi' 


3' 


4 4' 


4 4" 


5 4* 


6 %" 


D 


2 


2 %" 


3 yi' 


4 ' 


4 4' 


7 Vi" 


7 


9 ' 


10 4' 


11 


12 4" 


E 


6 ^' 


6»»V 


T 


7 ^4' 


7 


12 


12 4' 


13 %' 


16 


17 


18 


F 


1»>V 


1 •/(i' 


1>»V 


2 


2 '/ib' 


2 4' 


2 yi' 


5 ^' 


5 %* 


7 


7 4' 
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M-H ENGINEERING DATA 

PNEUMATIC COIL VALVES 

Type V053E & F 




1 



NORMALLY CLOSED TYPE— V053E and F (Refer to Fig. 3) 



Fig. 3 



SCREWED BRONZE BODY 



V«lvt Silt 


V053E 


V053F 


W 


3 • 


1 








1 1' 


1 




2' 


A 




5^ 




5^ 










9^1. 


9S. 


B 






5^ 


5^ 


8^ 


8% 


8^ 


8H^ 


8»/6 


8«*4 


C 






1% 






1»^ 


1% 


1*16 


1»»/(i 


2Vd 


D 




3^ 


3% 


4^ 


3V6 


3% 


37^ 




4% 


5% 


E 


e% 


8^ 






11% 


11% 


11»^ 


11»«/6 


12^ 


13H 


F 










1>»^ 


1>»^ 


1»t6 


1"/6 


in^ 


2V6 



K0900A (Refer to Fig. 4) 



Size 


Body 


A 


B 


^ A % 


V575B31 a 832 


2»ii 


2T4 




V575B1 




2% 




V575B2 


9% 


3»^ 


1 


V575B3 


2»^ 


314 


1U 


V575B4 


214 


3% 


1V6 


V575B5 


2% 




2 


V575B6 


2% 


s% 


2^ 


V575B7 


4 




3 


V575B8 


414 


7''4 



r 



r4 



K0901A (Refer to Fig. 4 -Body like Fig. 2) 



Silt 


Body 


A 


B 




V578A1 


2«4 


3^ 




VS78A2 


2*4 


3% 


1 


V578A3 


2% 


4% 


1^ 


V578A4 


2% 




1V4 


V578A5 


3 


s% 


2 


VS78A6 


3% 


6% 


24 


V57aA7 


5»»4 


9 


3 


VS7flAfl 








FI9. 4 
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THREE-WAY MIXING VALVE— Type V055A (Refer io Fi9. 5) 



Type V055 



SCREWED BRONZE BODY 



Valvt Size 


W 


\' 


r 






2' 


A 


5^ 




5^ 




5^ 


5^ 


B 












1% 


C 






2% 






3% 


D 


3^ 


3% 


3'^ 


4^ 


4% 


5?^ 



THREE-WAY MIXING VALVE— Ty pe V055B (Refer to Fig. 5) 
1 



SCREWED BRONZE BODY 



IScrcwcd Iron Body 



Valvt Silt 


1*,' 




r 




1 V 


2' 


2 4' 


3' 


A 








9»ii 


9H€ 


9Mi 


9»/C6 


9»^6 


B 














114 


11% 


C 




2"^ 


2»ii 


2«/6 


2»*/6 


3% 






D 


3^ 


3% 


3'^ 


4^ 


4^ 


5'« 


8 


8^ ^ 



THREE-WAY MIXING VALVE— Type V055C (ReFer to Fig. 5) 



Valve Site 


SCREWED IRON BpDY 


FLANGED IRON BODY 


2 4' 1 3' 


4' 




6' 


A 






12ti. 


12»^ 




B 




14^ 


15% 






C 








8»/ii 


9"^ 


D 


8 


8U 


12 


14 


15 



THREE-WAY MIXING VALVE-Type K0903B (Refer to Fig. 6) 



K0903B— PRESSURE RATING 



1 

VALVE 

SIZE 
Standard 

Tops 


PRESSURE 
RATING 
Unbalanced 
Pressure 


K0903B 

*/i' Screwed 


60 




60 


r 


50 




33 




22 


5' 


12 



ro 



i 



T 



K0903B— VALVE BODY DIMENSIONS 



SIZE 


BODY 


A 


«^ 1 






V581B1 


l«>/6 


3 






V581B2 




- 8 


21^ 


r 


V581B3 




3% 


2^u 


1 V4' 


V58164 




4U 


2"^ 




V581B5 


21/U 


4^4 


2'»/fii 


«• 


V581B6 


2% 


57^ 


1 3% 




Fi9. 5 



WIDTH-5 ^ 



3!i 
















B 




Dimensions of Operator Shown in Fig. 6 



7 



8 



Fig. 6 
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M-H ENGINEERING DATA 

RELATIVE HUMIDITY TABLE 

Pressure = 30.0" 



Air Temp 
Dry Bulb 



Diftereoof Between Wet ini Dry Bulb Thermomct«n in Decrees Fahrenheit 



Resding 

Fahrr nl»ei 
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NOTE:— The temperature depressions given in these tables strictly apply only when 

current of air with a velocity of not less than 15 ff. p. nd.* 
How to use table— Example— Air temperature (dry bulb) in left hand column reads 
hc'low dry bulb (see top row of figures acroea page). Humidity is 70^;. 
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the wet bulb ia subjected to a 
110' F. Wet bulb rMds 10* F. 
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A LOGICAL DEVELOPMENT 



THOSE CONCERNED with the construction and 
operation of the modern apartment building have 
made great strides in exterior design and interior 
comfort, as well as beauty of appointment. Each 
new building adds something to create more of the 
atmosphere of the individual home. This is true 
regardless of the size of the apartment. 

However, in the control of heating, the apartment 
building has lagged behind the home and the indus- 
trial building. The fundamental policy has been to 
furnish enough heat to the entire building to main- 
tain all apartments at the temperature level of the 
apartment whose occupants desire the highest tem- 
perature. The result has been overheating of the 
remainder of the building, with the only remedy 
shutting off radiators or opening windows, which 
naturally wastes heat. 

A recent independent survey of apartment tenants 
conducted by Ross Federal Research Corporation in 
larger centers of population in the United States 
confirms the fact that most tenants would welcome 
the possibility of personal control of their heating 
requirements, so that the tenant who is comfortable 
at 68 degrees can maintain that temperature, while 
the tenant who demands 75 degrees can also be 
comfortable. Specifically, 84.5Vr of tenants inter- 
viewed stated that Individual or Personahzed Apart- 
ment Heating was either necessary or desirable. 
Minneapolis-Honeywell Personalized Heating con- 
trol, by the proper placing of a thermostat with 
companion devices, can provide exactly this indi- 
vidual control. 

ADVANTAGES OF PERSONALIZED CONTROL 

TO OWNERS OR OPERATORS 

• COMFORT 

It is the desire of all apartment operators to main- 
tain their tenants in comfort, because over and above 
every other consideration, bodily comfort is essential 
to the maintenance of a successful lease. The owner 
or operator who offers M-H Personalized Apartment 
Control will have a distinct advantage in the com- 
petitive struggle for tenants in the post war era. 

• ECONOMY 

Definite economies will result from M-H Person- 
alized Control because each apartment is maintained 
at exactly the desired temperature without overheat- 
ing or underheating regardless of variations in out- 
door temperatures, wind- velocities, or sun intensity. 
It is not necessary to overheat most of the building 
in order to satisfy the coldest apartment or the tenant 
who desires the highest temperature. 

• NEW OR OLD BUILDINGS 

M-H Personalized Control is adaptable to either 
new or existing apartment buildings. In new build- 
ings, the heating layout should be arranged during 
the planning stage to permit the application of M-H 



Personahzed Control with the lowest overall expense 
for both heating and control. Existing apartment 
buildings may, in nr-arly every case, be modernized 
with M-H Personalized Control with the same advan- 
tages as in new buildings. 

• SATISFIED TENANTS 

The general result of making the tenant responsible 
for his own apartment temperatures with resulting 
increased heating comfort, will naturally result in 
greater satisfaction to the tenant and greater health 
for him and his family. 

• RENTABILITY 

The sum total of furnishing this added comfort in 
the form of M-H Personalized Corrtrol adds up to 
greater rentabihty in a building so equipped. The 
shrewd and far-seeing owner or operator who realizes 
the possibilities inherent in M-H Personalized Apart- 
ment Control system will find himself in the fortunate 
position of havmg his building rented, while others 
go begging for tenants. The fact that 48.2'^^ of 
tenants interviewed in the aforementioned survey 
stated they would be willing to pay up to $10 addi- 
tional monthly rental proves this point. 

• LONGER LEASES 

The satisfied tenant does not want to move. Min- 
neapolis-Honeywell is certain, from the surveys it has 
made, that Personalized Heat Control will be an 
important factor in maintaining long tenancies, obvi- 
ating the usual May 1 and September 1 upheavals. 
Of the tenants interviewed, 61^ stated that they 
preferred Individual or Personahzed Heating Con- 
trol to such other features as electric dishwasher, 
breakfast nook or artificial fireplace. 

• WAITING LISTS 

There is nothing more satisfying to the owner or 
operator of an apartment than a long waiting list. 
Installation of the M-H system of personalized con- 
trol, more than any other single thing since mechan- 
ical refrigeration became universal in apartments, 
will be a dominant influence in attracting tenants to 
your building. 

• NO VACANCIES 

In a Building with Personalized Heating Control, 
the temperature in each apartment is individually 
controlled by the occupant. Each tenant can select 
exactly the temperature he desires. It goes without 
saying that there will be less vacancies in an apart- 
ment building with Personalized Heating Control, 
than one without individual control . and fuel 
will not be wasted by tenants opening the windows 
because they are too warm. The building to the right, 
on the other hand, does not have Personalized Heat- 
ing, with the resuh that apartments are usually avail- 
able. Some tenants are too warm — others are too 
cold. As an apartment operator, you can draw your 
own conclusions as to the desirable building. 
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FACTORS THAT PERSONALIZED CONTROL WILL OVERCOME 



• INDIVIDUAL REQUIREMENTS 

The most important factor in satisfying the tenant 
of an apartment is the consideration of individual 
requirements of himself and those who live with him. 
Under this heading the Number One factor is heating. 
It stands to reason that a system giving the tenant 
individual control of his apartment temperature will 
create a greater satisfaction the year around than 
present practices in apartment heating. Individual 
tastes, heat demands due to differences in age, etc. 
all can be satisfied with M-H Personalized Heating 
Control. Each tenant may Uve in temperatures kept 
at his own liking. 

It takes all kinds of people to make up the world, 
and the same is true in any apartment building. 
Tenant ''A", for example, likes to maintain his apart- 
ment at TC, but tenant ''B" on the other hand, insists 
upon 75*^. Obviously, a compromise will not do. In 
order to satisfy tenant ''B" with TS"", you overheat 
tenant '*A", so that he either turns off his radiators 
or opens his windows and wastes fuel. The answer, 
of course, is Individual or Personalized Heating^ 
controlled by Minneapolis-Honeywell, which enables 
every tenant to have exactly the temperature he 
needs or desires. Apartment temperatures are always 
maintained at the desired comfort level. 

• SOLAR RADIATION 

This is a factor that is very important in buildings 
with large outside areas. If the sun is shining on one 
side of an apartment building, the apartments on 
that side, naturally, require less heat during the 
sunny period than apartments on the side not so 
affected. Under M-H Personalized Heating Control 
the thermostats on that side of the building will 
reduce the heat in-put to prevent over heating. Tem- 
peratures will be held at the comfort level, which 
will result in greater economy in the operation of 
the heating plant. 

• WIND VELOCITY 

This is a factor directly opposite in its effect to 
solar radiation. The side of the building struck by a 
cold wind will require more heat than a section not 
so affected, but the thermostats in apartments in 
such an area will compensate for the additional heat 
required in these apartments. 

• CONSTRUCTION 

Although the construction throughout an apartment 
Uit^lrJ^nrr ic ncnAllv the Same, anv differences will 



make uniform heating more difficult. Also, in tall 
buildings the tendency of heat to rise may cause the 
upper floors to overheat and the lower floors to 
underheat. M-H PersonaUzed Control will automat- 
ically compensate for these differences in heating 
requirements. 

• TIMES OF OCCUPATION 

This, like ^'Individual Requirements," is a personal 
matter. Under individual apartment control, tenants 
can be encouraged to maintain their apartments at 
lower temperatures during unoccupied periods, which 
will result in greater economy in the operation of 
the apartment heating system. This factor can be 
made a very important item, if the tenants are 
properly educated to take advantage of it. 

• M-H PERSONALIZED CONTROL IS 
INEXPENSIVE 

The investment in the control installation will rep- 
resent only a very small percentage of the total cost 
of an apartment building — and the return on this 
small additional investment will be far greater than 
the normal return on the entire building because of 
the added tenant satisfaction, longer leases, and 
elimination of vacancies, in addition to a direct 
return due to fuel savings. 

• FUEL SAVINGS 

In a survey of a number of typical apartment build- 
ings, it was determined that the normal tempera- 
tures desired were: 

10% desired 76 degrees or more 

80% desired 72 degrees 

10% desired 70 degrees or less 

Without individual apartment control, it would be 
necessary to maintain the entire building at a min- 
imum of 76 degrees in order that all tenants are 
satisfied. If any of the tenants desiring 76 degrees 
or more are located on the north or windy side of 
the building, the temperatures in the apartments on 
the south or protected side of the building may reach 
or exceed 80 degrees. Yet the average temperature 
required in the entire building would be only 72.2^. 

When an apartment is heated beyond the desired 
temperature, it is seldom that the tenant will close 
the radiator valves. In nearly every case, he will 
open windows and the excess heat is lost to the out- 
doors. 

Tests run on a large number of buildings in all 
parts of the country show that an average fuel saving 
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of 20% may be expected when adequate automatic 
controls are used and that larger fuel savings often 
result from their use. 

• MAINTENANCE 

The thermostats, control valves and other equip- 
ment used in the appUcation of M-H Personalized 
Heating Control have been designed for long life 
and trouble-free operation. Actual experience with 
these controls on thousands of installations of all 

* « 

types prove that the maintenance cost amounts to 
almost nothing at all. Once this control equipment 
has been installed and adjusted, it will operate for 
years with little or no attention. M-H Personalized 
Control may be completely automatic so that no 
manual attention is required. 

• NIGHT SHUTDOWN 

May be provided for the apartment building as a 
whole through the use of a central control panel or 
in each individual apartment through the use of 
clock type electric thermostats or Da-Nite (electric 
or pneumatic) thermostats. In either case the tem- 
perature may be reduced at night and raised in the 
morning at the exact times desired. The change 
between day and night operation is completely auto- 
matic requiring no manual attention. This is described 
in detail later in this bulletin. 

• EDUCATING THE TENANT 

Since the thermostats used in M-H Personalized 
Heating Control are as simple as those used in 
millions of modern homes today, the tenant will 
understand their adjustment very quickly. A simple 
explanation of their operation when a tenant first 
moves in is all that is necessary. The temperature 
adjustment may be locked at a fixed point or the 
maximum setting of the thermostats may be hmited 
when this is desired by the apartment house owner 
for greatest economy. M-H Personalized Control is 
the silent servant of the apartment house owner or 
operator. 

• REPRESENTATIVE INSTALLATION 

M-H Personalized Heating Control is not new. It has 
been used for a number of years in apartment build- 
ings all over the country. 

Following is a typical apartment building which is 
equipped with M-H Personalized Heating Control. 

1609 NORTH PROSPECT AVENUE Apartment Building 
Milwaukee, Wisconsin 

Mr. Ogden, property manager, says after two years 
of study: 

"INDIVIDUAL CONTROLS HELP SELL APARTMENTS 
.... KEEPS TENANTS SATISFIED. " 

This modern apartment building erected and com- 
pleted just before the war, was equipped at time of 
construction, with M-H Personalized Heat Control. 



Pneumatic equipment was decided upon as the 
most adaptable. One thermostat is used in each of the 
55 apartments. One zone valve controls the hot water 
supply to each separate apartment— so that different 
temperatures can be maintained in the separate 
apartments to fulfill the individual tenant's require- 
ments. 

A hot-water, one-pipe system was installed and the 
piping arranged so that the valve for each apartment 
could be used to control heat output to the apart- 
ments individually. Four sets of risers were located 
in the center section of building and the radiation 
in each apartment was connected by horizontal pip- 
ing at the different floor levels. These lateral pipes 
were enclosed in a sheet metal case at the base- 
board of the rooms on outside walls. This method of 
enclosing the lateral pipes was very economical and 
proved to be very satisfactory. 

Mr. Ogden's experience with Personalized Con- 
trol, concerning tenant reaction, fuel costs, and main- 
tenance are typical. A complete success— would per- 
haps best describe his experience. 

Another typical apartment that is equipped with 
M-H Personalized Heating Control. 

KENT COURT .... Summit, New Jersey 

Mr. Rinhart, after five years experience with M-H 
Personalized Heating Control says: 

"HIS TENANTS UNDERSTAND and appreciate individ- 
ual apartment control — some have said they would never 
live in another apartment without a thermostat." 

Architectural Forum, in a recent issue, describes 
''Kent Court" as 'The most talked about apartment 
in the state." Such features as individual full base- 
ments, stall showers as well as bath-tubs and indi- 
vidual heat control of apartments, are described in 
the article. 

The design carries out the two-story with basement 
or duplex type of apartment. Each apartment has a 
hving room, dinette and kitchen on the first floor and 
two bedrooms and a bath on second floor. On a 
living room wall in each apartment will be found an 
electric thermostat. 

Each of the three buildings in the group has a 
steam boiler with a one-pipe steam system. Located 
in basement of each apartment at the take-off from 
the main loop is a motorized valve which is actuated 
from the corresponding individual room thermostat. 

Mr. Rinhart's letter gives the management's exper- 
ience and the tenants' answer to Personalized Con- 
trol in full — after five full years of operation. This 
type of control is to be used as standard in all of 
their post war apartments. 
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HERE IS HOW IT IS DONE 



A new apartment building can be easily pro- 
vided with Personalized Apartment Heating 
if each individual apartment is designed to 
include one of the following types of auto- 
matic temperature control systems: 

(1 ) Individual Apartment Control 

0 

(2) Sectional Control of Individual 

Apartments 

(3) Individual Room Control 

These three types of control systems are 
described and illustrated in the pages that 
follow. 

The flexibility of the Minneapolis-Honeywell 
Control Systems for apartments will be appar- 



ent after all their possibilities are more fully 
understood. Any of the above systems, for 
example, may consist of "modulating*' or 
"two position'* thermostats and valves as best 
suits the particular heating system. Minne- 
apolis-Honeywell further oflfers either electric, 
pneumatic (air operated), or combination 
pneumatic-electric systems of control. The 
problem of selecting one or the other of these 
systems to the best advantage of the Apartment 
Building owners, operators and tenants is 
usually a fairly simple one if you will call 
upon the services of the M-H engineers in 
your vicinity. They will be glad to help with 
your problem of Personalized Heating. 



INDIVIDUAL APARTMENT CONTROL 



New apartment buildings caji be planned so 
that the individual apartment is served by a 
separate branch from the heating main, as 
illustrated, to facilitate individual apartment 
control. A thermostat located in the living 
room controls a motorized valve in the sep- 
arate supply line to all the radiators of the 
apartment. Thus each tenant may keep his 
apartment at the temperature level that best 
satisfies him, — not only by day but during the 
night as well. 

This system provides an inexpensive but 
extremely desirable control arrangement for 
new .apartment buildings. It is not readily 
adapted to most existing apartments because 
it requires extensive piping changes. 
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SECTIONAL CONTRO 



OF 



H 



9H<U<M<luaL APARTMEN 




Sectional Control of individual apartments, as 
illustrated, provides means of incorporating 
rooms of like usage and temperature require- 
ments under control of their individual ther- 
mostat and control valve. The living area is 
served by a heating main separate from the 
heating main serving the sleeping quarters. 
This permits control of the temperature in 
either area at just the right level to suit indi- 
vidual needs. 

While two sections of control as illustrated 
would satisfy the majority of installations, addi- 
tional sections of control may be provided 
where required. Apartments, for example, 
arranged for servants' quarters should have 
the service area under control of a separate 
thermostat and control valve. 
This type of control, while applicable to apart- 
ments of any size, finds its widest and most 
logical application in apartments of six or 
more rooms. 



INDIVIDUAL ROOM CONTRO 



Individual Room Control, as illustrated, is 
nearly always the most satisfactory and flex- 
ible system of control for any type of building 
using any type of heating system. Each room 
is provided with a thermostat which controls 
only the radiator or radiators in the respective 
room. Thus any room may be kept at exactly 
the temperature its occupants desire or its 
use demands. Any room or group of rooms 
may be kept at a lower more economical level 
when unoccupied. 

Individual room control can usually be applied 
to existing apartments as well as new, since 
as a rule, no piping changes in the heating 
mains are required. 

Individual room control is equally applicable 
to small or large apartments— the cost being 
almost directly proportional to the number of 
radiators controlled. 
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PERSONALIZED 
APARTMENT HOUSE 
HEATING CONTROL 

COMPETITION 



On September 1, 1943, Minneapolis-Honeywell announced a Personalized Apartment Heating 
Control Design Contest. Prizes totalling $10,000 were oflfered and the competitors were 
asked to submit piping and control layouts involving the use of either steam or hot water. 
A set of four plans of a typical six story apartment building was sent to each competitor in- 
cluding plan views of a typical floor, the basement, and the penthouse, a sectional view of the 
building, and an isometric view of a typical floor. 

More than two thousand requests were received for plans and 513 submissions were received 
before the closing date on November 15, 1943. Twenty-six prizes were awarded to the 
contestants. 

The submittals indicated a trend from steam to hot water and an increased interest in radiant 
heating. 



SUMMARY OF SUBMITTALS 



1 Pipe Steam 


63 


2 Pipe Steam 


158 


1 Pipe Hot Water 


114 


2 Pipe Hot Water 


126 


Steam Radiant 


7 


Hot Water Radiant 


45 


Total 


513 



JUDGES FOR THE CONTEST WERE . . . 

Edward E. Ashley John W. Root 



Consulting Engineer 



Holabird and Root — Architects 



New York City Chicago, Illinois 

John E. Haines 

Minneapolis-Honeywell Regulator Co. 
Minneapolis, Minnesota 
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THE SIX MAJOR WINNERS were as follows: 

Hof Wafer Heating 5> Stems 

Leonard Weger— Philadelphia, Pa. 
Walter T. Rolfe— Austin, Texas 

I. A. MacWilliams & A. D. Rubin— Perth Amboy, N.J. 
Steam Heating Systems 

Clyde H. Baker— Detroit, Michigan 
Paul E. Nystrom— Madison, Wisconsin 
Abraham Walton— Jersey City, N.J. 



In the following pages are shown eight of the winning designs which illustrate a variety of 
piping and control layouts for apartment buildings. 



Below is an Exterior View of 
the Competition Building. 




In present.ng these typical p.ping and control layouts it is believed that they will be of assistance 
to arch.tects and engineers in determining the proper manner in which to lay out the piping 
and control systems in apartment buildings under design. i i ^ 

Although minor changes and corrections have been made in the designs as submitted by the 
contestants, these layouts are not intended to be complete or accurate in every detail. 

The control of anv of the- following layouts may be either electnc. pneumatic or a comb.nat.on 
of both. Deta.ls of control applications are covered in the engineering section of this booklet. 
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LAYOUT NO. 1 



Type of Heating System — 2 Pipe Steam 



Piping Layout — 22 Supply Risers 

22 Return Risers 



Control — One Room Apartments 



One thermostat located in the living room controls the radiator valve on the 
radiator in that room only. 

Kitchen and bathroom radiators are not automatically controlled. 



One and Two-Bedroom Apartments 

One thermostat in the living room controls individual radiator valves in the 
living room and dining room. One thermostat in the bedroom controls an 
individual radiator valve in that room. 

Kitchen and bathroom radiators are not automatically controlled. 



Three-Bedroom Apartments 

Same control setup as in other bedroom apartments 



Night Control 



Automatic control at a reduced temperature may be provided for the entire 
building by means of a Weatherstat System or by means of clock type electric 
thermostats or Da-Nite (electric or pneumatic) thermostats in the various 
rooms of each apartment. 
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LAYOUT NO. 1 




BASEMENT FLOOR PLAN 



MINNEAPOLIS - HONEYWELL REGULATOR COMPANY 



6ec. 9 
12 



LAYOUT NO. 2 




Control 



TYPICAL FLOOR PLAN 

Type of Heating System— 2 Pipe Steam 
Piping Layout— 27 Supply Risers 

26 Return Risers 
One Room Apartments 

Mdiators."'**"''' '^"^ """'"^ controls a valve supplying steam to all 

One and Tu o-Bedrooni Apartments 

?.aV^""'''^T -^^ '"'"S 'oom controls a valve supplying steam to the 
radiators in the l.vmg room, dining room and kitchen. One^he^mostat in 
each bedroom controls an individual radiator valve in each bedroom. 
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LAYOUT NO. 2 




BASEMENT FLOOR PLAN 



Bathroom radiators are not automatically controlled. 
Three-Bedroom Apartments 

Individual thermostats located in the living room, dining room, kitchen, each 
bedroom and bath control individual radiator valves on the respective radiators. 
Night Control — Automatic control at a reduced temperature may be provided for the entire 

building by means of a Weatherstat System or by means of clock type electric 
thermostats or Da-Nite (electric or pneumatic) thermostats in the various 
rooms of each apartment. 
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LAYOUT NO. 3 




TYPICAL FLOOR PLAN 



Type of Heating System— 2 Pipe Steam 

Piping Layout— 4 Supply Risers 

6 Return Risers 



Control 



One thermostat located in the living room of each apartment controls a valve 
supplying steam to all radiators in each apartment. 
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LAYOUT NO. 3 




BASEMENT FLOOR PLAN 



A secood thermostat, in the three bedroom apartments only, located in the 
hallway between the bedrooms^ controls a valve supplying steam to all three 
bedrooms and both bathrooms. 

Night Control — Automatic control at a reduced temperature may be provided for the entire 

building by means of a Weatherstat System or by means of clock type electric 
thermostats or Da-Nite (electric or pneumatic) thermostats in the various 
rooms of each apartment. 
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LAYOUT NO. 4 




TYPICAL FLOOR PLAN 



Type of Heating System— 2 Pipe Hot Water 
Piping Layout— 22 Supply Risers, 26 Return Risers 

One thermostat located in the living room controls an individual radiator 
valve m that room only. One thermostat locate(1 in the kitchen controls an 
individual radiator valve in that room only. 
Bathroom radiators are not automatically controlled. 

One thermostat located in the living room controls individual radiator valves 
in the living room and dining room. One thermostat in each bedroom controls 
an individual radiator valve in each bedroom. 
Bathroom radiators are not automaticallv controlled. 



Control 
One Room 
Apartments 

One and 
Two-Bedroom 

Apartwents 
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BASEMENT FLOOR PLAN 
Three-Bedroom Aparlments—SdLtne control setup as in other bedroom apartments. 



Outside 
Controller 



A compensated control with one bulb located in the hot water supply line to 
the radiation provides for hot water to the radiation at predetermined tem- 
peratures based upon outdoor temperatures to provide for the greatest fuel 
economy. 

Night Control— Automatic control at a reduced temperature may be provided for the entire 

building by means of a Weatherstat System or by means of a clock type electric 
thermostat or Da-Nite (electric or pneumatic ) thermostats in the various rooms 
of each apartment. 
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LAYOUT NO. S 




Control 



TYPICAL FLOOR PLAN 



Type of Heating System— 2 Pipe Hot Water 
Piping Layout— 8 Supply Risers, 8 Return Risers 

One Room Apartments 

One thermostat located in the living room controls a valve supplying hot 
water to all radiators. 

One thermostat located in the living room controls a valve supplying hot 
water to the radiators in the living room, dining room and kitchen. One 
thermostat located in each bedroom controls a valve supplying hot water to 
the radiators in the bedroom and bathroom. 

Same control setup as in other bedroom apartments except that the thermo- 
stat in the center bedroom controls a valve supplying hot water to two bed- 
rooms and the common bathroom. 



One and 

Two-Bedroom 

Apartments 

Th ree-Bedroom 
Apartments 
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LAYOUT NO. 5 




BASEMENT FLOOR PLAN 



Outside A compensated control with one bulb located in the hot water supply line 

Controller — to the radiation provides for hot water to the radiation at predetermined 

temperatures based upon outdoor temperatures to provide for the greatest 

fuel economy. 

Night Control — Automatic control at a reduced temperature may be provided for the entire 

building by means of a Weatherstat System or by means of clock type electric 
thermostats or Da-Nite (electric or pneumatic) thermostats in the various 
rooms of each apartment 
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LAYOUT NO. 6 




TYPICAL FLOOR PLAN 



Control 



Type of Heating System— 1 Pipe Hot Water 
Piping Layout— 4 Supply Risers, 8 Return Risers 

One Room Apartments 

One thermostat located in the living room controls a valve supplying hot 
water to the radiators in the living room and kitchen. 
Bathroom radiators are not automatically controlled. 
Ofje auci Tu O'Bcc/room Abartmt nts 

One therniostat located in the living room controls a valve supplying hot 
w ater to all radiators ^ ^ ^ 

One thermostat located in the living room controls a valve supplying hot 
water to the radiators in the living room, dining room and kitchen. 



Th ree-BeJrooni 
Apartmepits 
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LAYOUT NO. 6 




Outside 
Controller- 



Night Control 



BASEMENT FLOOR PLAN 

One thermostat located in the corner bedroom controls a valve supplying hot 
water to the radiators in all bedrooms and bathrooms. 

A compensated control with one bulb located in the hot water supply line 
to the radiation provides for hot water to the radiation at predetermined 
temperatures based upon outdoor temperatures to provide for the greatest 

fuel economy. . , . r • 

-Automatic control at a reduced temperature may be provided for the entire 
building by means of a Weatherstat System or by means of a clock type electric 
thermostat or Da-Nite (electric or pneumatic ) thermostats in the various rooms 
of each apartment. 
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LAYOUT NO. 7 




Control 



TYPICAL FLOOR PLAN 

Type of Heating System— 2 Pipe Hot Water Radiant (Heating Panels in Ceiling) 
Piping Layout— 4 Supply Risers, 8 Return Risers 

(hie Room Apartments 

One thermostat located in the living room controls a valve supplying hot 
water to the heating panels for the entire apartment. 
One and Tu o-BecJrooni Aparttnents 
Same control setup as in the one room apartments. 

One thermostat located in the foyer controls a valve supplying hot water to 
the hc-ating panels of the living room, dining room and kitchen. 
One thermostat located in the corner bedroom controls a valve supplying hot 
water to the heating panels in all bedrooms and bathr. ns 



Three-Bed room 
Apartments 
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LAYOUT NO. 7 




BASEMENT FLOOR PLAN 



Outside A compensated control with one bulb located in the hot water supply line 

Controller — to the radiation provides for hot water to the radiation at predetermined 

temperatures based upon outdoor temperatures to provide for the greatest 

fuel economy. 

Night Control — Automatic control at a reduced temperature may be provided for the entire 

building by means of a Weatherstat System or by means of clock type electric 
thermostats or Da-Nite (electric or pneumatic) thermostats in the various 
rooms of each apartment. 
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LAYOUT NO. 8 
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LAYOUT NO. 8 



Type of Heating System— 2 Pipe Hot Water Radiant (Pipe Coils in Ceiling) 

Piping Layout — 4 Supply Risers 

4 Return Risers 



Control — Orte Room Apartments 

One thermostat located in the living room controls a valve supplying hot 
water to all the heating panels. 

One and Two-Bedroom Apartments 

Same control layout as in the one room apartments. 

Three-Bedroom Apartments 

One thermostat located in the living room controls a valve supplying hot 
water to the heating panels in the living room, dining room and kitchen. 
One thermostat located in the corner bedroom controls a valve supplying 
hot water to the heating coils in all bedrooms and bathrooms. 



Outside Controller — 

A compensated control with one bulb located in the hot water supply line 
to the radiation provides for hot water to the radiation at predetermined 
temperatures based upon outdoor temperatures to provide for the greatest 
fuel economy. 



Night Control — 

Automatic control at a reduced temperature may be provided for the entire 
building by means of a Weatherstat System or by means of clock type electric 
thermostats or Da-Nite (electric or pneumatic) thermostats in the various 
rooms of each apartment. 
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LAYOUT NO. 8 




BASEMENT FLOOR PLAN 
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APPLICATION OF AUTOMATIC CONTROL VALVES 

Steam Heating Systems 

One Pipe — Modulating control valves should never be applied to a one pipe steam heating 
system because of the problem of returning condensate to the boiler in the same pipe flowing 
opposite to the direction of steam flow. With the valve only partially open condensate cannot 
flow against the steam under pressure. 

Two position valves applied only at each individual radiator are recommended. The valves 
will be fully opened or fully closed and when in the wide open position condensate will leave 
the radiators readily. 

Two position zone valves may be used, with caution, on one pipe wet return systems by applying 
drip traps on the upstream side of all valves and connecting the traps to the wet return. 

Variable orifice vent valves are recommended on one pipe systems where zone valves are 
used to facilitate balancing of the radiation and adjustments for even steam distribution. 

The following valves are recommended for control of one pipe steam heating systems: 

V205A — to 2" Electric Radiator Valve 

K200B — Va" to Y Electric Motorized Valve for zone control 

K201B— V2" to 6" Electric Motorized Valve for sizes larger 

than K200B 

Pneumatic valves may be used but in all cases a positive relay must be used to assure two posi- 
tion operation. 

V0500A — V2" to 2" Pneumatic Radiator Valve 

V052B — to 1" Pneumatic Radiator Valve 

KO9OO A — Vi" to 3 " Pneumatic Gradutro Valve for zone control 

KO9OIA — Vi" to y PneumaticGradutrol Valve for zone control 

V05 3 — V2" to 6" Pneumatic valve for zone control 



Two Pipe— Either two position or modulating valves may be used with two pipe vapor or 
vacuum steam heating systems. Since condensate is returned to the boiler through a separate 
return line modulating valves are satisfactory. 

If modulating zone valves are used each radiator should be equipped with a properly sized 
orifice to assure even steam distribution when the valves are only partially open. Radiator 
orifices are also desirable in connection with two position zone valves for the purpose of 
properly ba'ancing ihe radiation. 

On all two pipe systems modulating valves are more satisfactory because by thronling steam 
input more uniform radiator temperatures will be maintained and only enough steam will 
enter the radiation to offset heat loss from the space. 
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The following valves are recommended for control of two pipe steam heating systems: 

V205A— to 2" Electric Radiator Valve 

K200B — to 3" Electric Two Position Motorized Valve 

for zone control 

K900B — V2" to y Electric Modulating Motorized Valve for 

zone control 

K2OIB — V2" to 6" Electric Modulating Motorized Valve for 

zone control 

K901B — V2" to G" Electric Modulating Motorized Valve for 

zone control 

V0 500A— 1/2" to 2" Pneumatic Radiator Valve 

V052B— V2" to 1" Pneumatic Radiator Valve 

KO9OO A — V2" to 3 " Pneumatic Gradutrol Valve for zone control 

K090 1 A — V2" to 3 " Pneumatic Gradutrol Valve for zone control 

V05 3 — y% to 6" Pneumatic Valve for zone control 

Hot Water Heating Systems 

One or Two Pipe — Either two position or modulating valves may be used with either type ot 
hot water heating system. However, if modulating valves are used on two pipe hot water 
heating systems, a reversed return piping arrangement to the radiation must be used to assure 
the same pressure drop through the piping to each radiator. If a reversed return piping system 
is not used the radiators nearest the valve will have a tendency to receive all the water when 
the valve is in the partially open position. 

If certain radiators will be subjected to ambient temperatures below freezing a minimum 
flow should be provided when the valves are in the closed position by drilling a small hole 
through the valve disc. 

The valves recommended for control of either one or two pipe hot water heating systems are 
the same as those recommended for control of two pipe steam heating systems. 



THERMOSTATS 

Two position electric valves may be controlled by any of the following thermostats: 

T21A — Acratherm for manual adjustment only. 

T209A — Da-Nite Acratherm for manual lowering of temper- 
ature but with automatic return to normal at a pre- 
determined time. 

T211A — Chronotherm for automatic lowering of tempera- 
ture at a predetermined time with automatic return 
to normal at a predetermined time. 

Modulating electric valves are controlled by the: 

T92A — Modulating Thermostat for manual adjustment only. 
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All pneumatic valves may be controlled by any of the following thermostats: 

T09OOA — Gradustat for manual adjustment only 

T09OOB — Da-Nite Gradustat for manual adjustment and also 

for reducing the temperature setting from a remote 
point either manually or automatically. 



LOWERED NIGHT TEMPERATURES 

In most cases it will be desirable to provide for lowering the temperature of the entire building 
at night by cutting down the total amount of heat supplied, rather than leaving the lowering 
of temperatures to the individual apartment occupants. Each apartment may be equipped with 
an electric clock thermostat (Chronotherm) or a pneumatic Da-Nite Gradustat either of which 
will provide for automatically lowering and restoring the temperature at predetermined times 
each night and morning. With either of these thermostats the occupants may restore the tem- 
perature setting to normal after the night shutdown if desired. 

The Weatherstat System of Control is recommended for the control of lowered night tem- 
peratures in combination with either plain type thermostats or the type that provides for 
lowering temperatures at predetermined times. With the latter type of thermostats the tem- 
perature might be lowered in each apartment at 10:30 and those tenants desiring normal 
temperatures for a longer period of time could restore the thermostats to normal setting. 
Then at 12:30, for instance, control could revert to the Weatherstat System and the total 
amount of heat delivered to the building reduced. 

The Weatherstat System may be placed in control of the heating medium by means of a time 
switch. On those systems where the boiler is not used for heating the domestic hot water, 
the Weatherstat would control the burner direct for night operation and the time switch would 
revert the burner to the control of the boiler Aquastat or Pressuretrol for day operation. If 
the boiler is used for heating the domestic hot water the circulating pump on hot water heating 
systems would be operated intermittently by the Weatherstat at night and reverted to con- 
tinuous operation during the day. On steam jobs, a motorized valve must be installed in the 
main supply header to be operated by the Weatherstat at night and placed in the wide open 
position for day operation. 



COMPENSATED CONTROL FOR HOT WATER SYSTEMS 

On hot water heating systems it is always desirable to supply water to the radiation only 
slightly above the temperature required to maintain desirable space temperatures. Such a 
system will reset delivered water temperatures in accordance with outdoor temperatures 
resulting in fuel economies. 

An outdoor bulb is connected to reset the control point of a controller in the delivered water. 
As the outdoor temperature drops the delivered water temperature is increased and vice versa. 
If the boiler is not used for heating the domestic hot water, the system would control the burner 
and vary boiler water temperature. If the boiler is used to heat the domestic hot water the boiler 
water would be carried at a constant temperature and the system would control a motorized 
three way mixing valve, mixing boiler and return water to vary the supply water temperature. 
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PERSONALIZED APARTMENT CONTROL 

BOILER CONTROL SYSTEMS 

The simplest method of boiler control is 
shown in Fig. 1. An Aquastat installed in a 
hot water boiler or a Pressuretrol installed 
on a steam boiler operates the burner or 
stoker to maintain the hot water at a constant 
temperature or the steam at a constant pres- 
sure. Thus hot water or steam is always avail- 
able at the control valves when required by 
the individual apartment systems of automatic 
temperature control. 

With this type of system the setting on the 
Aquastat or Pressuretrol must be high enough 
Ffg' I for the maximum heat requirements of the 

building. 

Control valves of either the two position or modulating type usually produce a graduated or 
slowly varying load on the boiler and burner. The most desirable form of burner control 
system would be the type which modulates or proportions oil, gas or coal input in exact pro- 
portion to the load on the boiler so as to balance burner heat input with boiler output to 
maintaiji constant steam pressure or water temperature. 

Two-position burner control is generally used and is perfectly satisfactory if the boiler has 
sufficient storage capacity to prevent too rapid cycling of the burner. 

The Aquastat or Pressuretrol as shown in Fig. 1 therefore, may be either the modulating or 
two-position type with the proper burner primary control. 

Primary burner controls would be selected for the type of burner used such as a gas valve for 
gas, a Protectorelay for oil or a Timerelay for a stoker. In addition to the controls shown 
such safety devices as a Lo-Water Cutoff for steam boilers and a pilot safety device for gas 
are always required; on very large gas fired boilers the Protectoglo Flame Safeguard System 
and on large oil fired boilers the Photoglo Combustion Safety System are recommended. 

HOT WATER SYSTEMS— VARIABLE HOT WATER 

TEMPERATURES 

Fig. 2 illustrates schematically an arrangement for regulating the heat output of a hot water 
boiler. The system provides for varying the temperature of the water delivered to the radiators 
in accordance with outdoor temperature. As the outdoor temperature drops the delivered 
water temperature is increased and vice versa with provision for varying the relationship 
between delivered water temperature and outdoor temperature for individual jobs. 



BOILER 
CONTROLLER 



STEAM 

OR 

HOT WATER 
BOILER 



BURNER 
PRIMARY 

COMTPOLx 
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It is always desirable to 
deliver water to the radia- 
tion at a temperature only 
slightly above that required 
to offset heat loss from the 
space. Such an arrange- 
ment will cause the con- 
trol valves to remain open 
a larger percentage of the 
time resulting in more uni- 
form radiator temperatures 
and less variation in space 
temperatures. This system 
is especially desirable for 
apartments since it can be 
used to limit the tempera- 
ture of the delivered water 




Fig. 2 



for any given outdoor tem- 
perature which means that tenants cannot open windows excessively or carry individual 

apartment temperatures extremely high. 



In the system illustrated the Aquastat operates the burner through the burner primary controls 
to maintain the boiler water at its setting. The setting on the Aquastat should be at the maximum 
water temperature required for the lowest outdoor weather conditions or if the boiler is used 
for heating domestic hot water it must be set at the point required to provide sufficient domestic 
hot water. 



The Submaster Controller is mounted with its temperature sensitive element in the supply 
main to the radiation on the discharge side of the three way valve. The outdoor master control- 
ler measures outdoor temperature and resets the control point of the bulb in the supply water. 
The Submaster Controller controls the modulating motorized three-way valve which mixes 
return water and boiler water to deliver water to the radiation at the temperature called for 
by the Submaster in the supply water. A pneumatic-electric switch is connected to the circulator 
to stop the circulator when the three-way valve reaches the position that no hot water is deliv- 
ered to the radiation from the boiler. 



Fig. 3 illustrates schematically another arrangement of controls for regulating the heat out- 
put of the hot water boiler. This system provides for varying the temperature of the water 
delivered to the radiators in accordance with outdoor temperature similar to that as described 
for Fig. 2. The compensator is mounted with the bulb in the outdoor air and functions to 
reset the control point of the temperature controller which has its bulb immersed in the hot 
water boiler. The temperature controller controls the Series 90 relay which in turn, operates 
the primary burner control to maintain the desired boiler water temperature. As the out- 
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Fig. 3 



door temperature drops 
it raises the control point of 
the temperature controller in 
the boiler and as the out- 
door temperature rises, it 
lowers the control point of 
the temperature controller in 
the boiler to enable delivery 
of water to the radiation at 
a temperature only slightly 
above that required to oflF- 
set heat loss from the space. 
The high limit control set- 
ting should be at the max- 
imum water temperature 
required for the lowest out- 
door weather conditions. 



Fig. 4 illustrates a Weatherstat System of control applied to a steam or hot water boiler for 
the purpose of providing lowered night temperatures for the entire building. 



At a predetermined time each night a time switch in the panel places the Weatherstat System 
in control of the heat delivered to the building and reverts control to the regular system 
at a predetermined time each morning. The Weatherstat is mounted outdoors and controls 
building temperatures in accordance with all weather factors which aflfect building heat loss. 




The Weatherstat is, in effect, 
a small room placed out of 
doors which contains its 
own thermostat and heating 
plant in the form of an elec- 
tric heating element. The 
thermostat in the Weather- 
stat controls the temperature 
within the Weatherstat and 
also controls the operation 
of the apartment heating sys- 
stem. As the temperature 
within the Weatherstat rises 
and falls, the heating element 
is turned on and off to main- 
tain a constant temperature 
inside the Weatherstat. At Fig. 4 



MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 



Sec. 9 
33 



the same time heat supplied to the apartment is turned on and off to maintain a constant build- 
ing temperature. The Weatherstat System is adjusted so that its heating and cooling rate cor- 
responds to that of the apartment building. Thus the Weatherstat becomes a miniature building 
which is used as a guide to determine the heat requirements of the apartment building. 



The boiler control systems illustrated schematically in Figures 1, 2, and 3 and described 
above, are by no means the only systems available. Minneapolis-Honeywell does not attempt 
to adapt one or even several standard boiler control systems to all heating systems regardless 
of type, size or fuel used. Many types of boiler control systems are available to fulfill specific 
requirements and provide any control sequence desired. 



It is recommended that careful consideration be given to the boiler control system selected 
to be sure that the system will provide maximum economy, flexibility and safety. Minneapolis- 
Honeywell is in the position^of being able to recommend and supply the proper boiler control 
system for any particular job to provide all desirable features. 



The time to give full consideration to Personalized Apartment Heating is when new apartment 
buildings are in the plan stage. 



To design the heating system of an apartment building for adequate heating is not enough by 
present day standards. The heating system must provide controlled heating. 



Sectional Heating is not possible unless the flow of heat to the individual apartments or apart- 
ment sections can be regulated independent of the heat flow to other apartments. Only careful 
planning oj the heat distribution piping can Jurnish the basis of a good Personalized Heating Control 
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Minneapolis Plant v^here eiecullvc offices are located. Additional plants in Philadelphia. Pa. Chicago, 111. and Wabash, Ind 



The following M-H publications are available for educational purposes 

Oil Burner Reference Manual SA-1040 

Stoker Reference Manual SA-I041 

Gas Burner Reference Manual SA-1042 

Refrigeration Reference Manual SA-1043 

Air Conditioning (Electric) Reference Manual - SA-1044 

Air Conditioning (Pneumatic) Reference Manual SA-1045 

Complete Electric Reference Manual - - - - SA-1046 

Oil Systems SA-IOSO 

Stoker Systems SA-1051 

Gas Systems SA-1052 

Warm Air Systems SA-1053 



Please order by form number, addressing all requests to 

MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 

Cable Address MINNREG. MINNEAPOLIS 

27 4 7 FOURTH AVENUE SOUTH • MINNEAPOLIS, MINNESOTA 




MODUFLO 




ekmce 



m 

CONVENTIONAL 




CeiLING 
TEMPERATURE 



FLOOR 
TEMPERATURE 



CEILING 
TEMPERATURE 

TEMPERATURE 
AT THERMOSTAT 
LEVEL 

FLOOR 
TEMPERATURE 



85 
80 
75 



80 

75 
70 

65 



I 



w 



HEN YOU USE a heating sales 
story that is backed by facts — hard 
facts you can prove in black and white — 
you've got something that's hot! 

That is the case with the Moduflow 
Control System developed by Minneapolis- 
Honeywell. The comparative test heating 
records shown above were taken in similar 
houses at the same time by the Research 
Foundation at the Purdue University. One 
house was equipped with conventional 
controls, the other with Moduflow. 



See the variation in temperatures of the 
conventional "on and off" method of heat 
supply. Then study the contrast when the 
Moduflow System controls the supply of 
heat. Here is evidence of how Moauflow 
brings new home heating comfort and 
lower fuel costs. Use these comparative 
charts and the startling facts brought out 
by Moduflow Control when selling your 
burner . . . Stress the point that it 
is only good judgment to install the 
Moduflow System of Automatic Control. 



These charts ate included 
with other J actual informO' 
tion in the new Engineering 
Guide of the Modu/iow Con- 
trol System for Home Heat- 
tng and Air Conditioning, 
The coupon below brings yon 
a free copy. 
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ONTROL SYSTEMS 




MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
2945 Fourth Avenue South - Minneapolis 8, Minn. 

Please send my free copy of the new "Engineering 
Guide of the Moduflow Control System for Home 
Heating and Air Conditioning." 

Nome 



Address 



City 



State 



